E.N. Temereva, V.V. Malakhov coeloms, muscles, and blood corpuscles. In the early embryo, muscle cells and coelothelial cells have similar ultrastructures and form a continuous layer; all cells bear desmosomes. Then the myofilaments appear in the muscle cells, which lose desmosomes and become cross-striated. In summary, phoronids combine features of Protostomia and Deuteroatomia. Apparently, these features (nondeterministic cleavage of the egg; formation of blastule early in development; two sources of mesoderm; simultaneous occurrence of the mouth, nervous system, and muscles; etc.) are plesiomorphic and inherited from the common Bilateria ancestor. On the phylogenetic tree, phoronids should therefore be regarded as one of the basal groups of the Lophortochozoa. How to cite this article: Temereva E.N., Malakhov V.V. 2012. Embryogenesis in phoronids // Invert. Zool. Vol.9. No.1. P.139.
ABSTRACT: The Phoronida is a phylum of marine animals whose position in the Bilateria has radically changed as a result of recent molecular phylogenetic analysis. Although molecular data have confirmed the position of phoronids among typical Trochozoa, supporting data from comparative embryology and morphology are lacking. This paper reviews the available literature and also provides original results concerning the early embryonic and larval development of phoronids. Phoronid egg cleavage can be regarded as transitory between a typical radial and typical spiral pattern. The presence of oblique furrows in early phoronid development should not be interpreted to mean that phoronid cleavage is typically radial. At the same time, phoronids lack a specific mosaic of blastomeres, whose presence is characteristic of true spiral development. Phoronids also lack trochoblasts, rosettes, and cross cells. Nondeterministic cleavage with an oblique position of furrows allows the blastula to form at the 16-cell stage, which is very important for species with holopelagic development. In phoronid species that brood, a brick-like embryo appears as a result of early egg development. In phoronids, there are two distinctive sources of coelomic mesoderm: anterior and posterior. Both sources are multicellular and originate from the anterior wall of the archenteron (the anterior mesoderm) or by entherocoely (the posterior mesoderm). Organogenesis starts in the later gastrula. The ectoblast gives rise to the epidermis, ciliated bands, nervous system, excretory system, and some parts of digestive tract (esophagus and proctodaeum). The ultrastructure of the epidermis differs depending on body part. The activity of ciliated bands in phoronid larvae combines features of the Protostomia and Deuterostomia. In actinotrocha, the preoral ciliated band functions as it does in protostomian larvae (the preoral ciliated band beats from anterior to posterior), whereas the postoral ciliated band functions as it does in deuterostomian larvae (the postoral ciliated band beats from anterior to posterior). The first neurons are serotonergic; they appear in the epidermis of the apical plate. In the young larva of Phoronopsis harmeri, the serotonergic nervous system consists of apical ganglion, which contains a U-shaped field of monopolar perikarya, and two groups of bipolar (or multipolar) perikarya; the tentacular neurite bundle, which runs dorsally from the left and right groups of bipolar (or multipolar) perikarya; two nerve rings of the telotroch; the oral nerve ring; and the nervous net around the proctodaeum and pyloric sphincter. In the early larva, serotonergic perikarya originate along the edge of the preoral lobe and then disappear. At this stage, the perikarya on the ventral body side form the ventral nerve cord and then also disappear. The FMRFamidergic nervous system is very complex; the main nervous tracts underline the main muscles. The FMRFamidergic ventral nerve cord appears in the 6-day-old larva and remains in older stages. The excretory system forms as an unpaired ectodermal protrusion under the postoral ciliated band in front of the anus. The protrusion develops two branches (left and right), which then separate and form two protonephridia. The entoblast gives rise to other parts of digestive tract (cardiac sphincter, stomach, midgut). The posterior part arises from ectoderm. Mesoblast is the source of the coelomic lining of the preoral and (in future) tentacular ÐÅÇÞÌÅ:Ôîðîíèäû îòäåëüíûé òèï aeèâîòíîãî öàðñòâà, ïîëîaeåíèå êîòîðîãî ñðåäè äðóãèõ Bilateria êîðåííûì îáðàçîì èçìåíèëîñü â ðåçóëüòàòå àíàëèçà íîâûõ äàííûõ ìîëåêóëÿðíîé ôèëîãåíåòèêè. Ðåçóëüòàòû ïîñëåäíèõ ëåò óâåðåííî ñâèäåòåëüñòâóþò î ïîëîaeåíèè ôîðîíèä ñðåäè òèïè÷íûõ Trochozoa. Â òî aeå âðåìÿ äàííûå ìîëåêóëÿðíîé ôèëîãåíèè äî ñèõ ïîð íå íàøëè î÷åâèäíûõ äîêàçàòåëüñòâ ñî ñòîðîíû ñðàâíèòåëüíîé ýìáðèîëîãèè è ìîðôîëîãèè. Â ðàáîòå ïðåäñòàâëåí îáçîð èìåþùèõñÿ ëèòåðàòóðíûõ äàííûõ, à òàê aeå ñîáñòâåííûå îðèãèíàëüíûå ðåçóëüòàòû ïî ðàííåìó ýìáðèîíàëüíîìó è ëè÷èíî÷íîìó ðàçâèòèþ ôîðîíèä. Ïîêàçàíî, ÷òî äðîáëåíèÿ ÿéöà ó ôîðîíèä ìîaeåò áûòü îõàðàêòåðèçîâàíî êàê ïåðåõîäíûé òèï ìåaeäó òèïè÷íûì ðàäèàëüíûì è òèïè÷íûì ñïèðàëüíûì. Òèïè÷íûì ðàäèàëüíûì äðîáëåíèå ôîðîíèä íåëüçÿ ñ÷èòàòü, ïîñêîëüêó ó ìíîãèõ âèäîâ áûëî îïèñàíî íàêëîííîå ïîëîaeåíèå áîðîçä òðåòüåãî, ÷åòâåðòîãî è ïîñëåäóþùèõ äåëåíèé äðîáëåíèÿ. Â òî aeå âðåìÿ ó ôîðîíèä îòñóòñòâóþò òèïè÷íàÿ äëÿ ñïèðàëüíîãî äðîáëåíèÿ ìîçàèêà áëàñòîìåðîâ, òðîõîáëàñòû, êëåòêè êðåñòà è ò.ä. Íåäåòåðìèíèðîâàííîå äðîáëåíèå, ïðè êîòîðîì íàêëîííîå ðàñïîëîaeåíèå áîðîçä äðîáëåíèÿ ïîçâîëÿåò ñôîðìèðîâàòü áëàñòóëó óaeå íà ñòàäèè 16 êëåòîê, ÷òî ÷ðåçâû÷àéíî âàaeíî äëÿ ðàçâèòèÿ â òîëùå âîäû, ïîâèäèìîìó, äîñòàëîñü ôîðîíèäàì îò îáùåãî ïðåäêà Bilateria, èìåâøåãî ãîëîïåëàãè-÷åñêîå ðàçâèòèå. Ó âèäîâ, âûíàøèâàþùèõ ÿéöà è ýìáðèîíû â êðîíå ùóïàëåö, ïîñëåäîâàòåëüíîñòü ìåðèäèîíàëüíûõ è øèðîòíûõ äåëåíèé äðîáëåíèÿ ïîçâîëÿåò ñôîðìèðîâàòü ýìáðèîí ïðÿìîóãîëüíîé ôîðìû, êîòîðàÿ ÿâëÿåòñÿ áîëåå óäîáíîé äëÿ ïîñòðîéêè ýìáðèîíàëüíûõ ñêîïëåíèé. Îáíàðóaeåíèå ó ôîðîíèä õîðîøî âûðàaeåííûõ äâóõ èñòî÷íèêîâ öåëîìè÷åñêîé ìåçîäåðìû ïåðåäíåãî è çàäíåãî ïîçâîëÿåò ðàññìàòðèâàòü ýòó ãðóïïó êàê íàèáîëåå àðõàè÷íóþ ñðåäè âñåõ Bilateria. Èñòî÷íèêè ìåçîäåðìû ìíîãîêëåòî÷íûå è ôîðìèðóþòñÿ çà ñ÷åò èììèãðàöèè êëåòîê èç ñòåíêè àðõåíòåðîíà (ïåðåäíÿÿ ìåçîäåðìà) èëè ýíòåðîöåëüíî (çàäíÿÿ ìåçîäåðìà). Îðãàíîãåíåç íà÷èíàåòñÿ íà ñòàäèè ïîçäíåé ãàñòðóëû. Èç ýêòîáëàñòà ðàçâèâàþòñÿ ýïèäåðìèñ è ðåñíè÷íûå øíóðû, íåðâíàÿ ñèñòåìà, âûäåëèòåëüíàÿ ñèñòåìà è íåêîòîðûå îòäåëû ïèùåâàðèòåëüíîãî òðàêòà (ïèùåâîä è ïðîêòîäåóì). Ýïèäåðìèñ ïðåòåðïåâàåò äèôôåðåíöèðîâêó è îòëè÷àåòñÿ ïî óëüòðàñòðóêòóðå â ðàçíûõ ó÷àñòêàõ òåëà. Ó ìîëîäûõ ëè÷èíîê èìåþòñÿ òîëüêî ïðåîðàëüíûé è ïîñòîðàëüíûé ðåñíè÷íûå øíóðû. Ó ëè÷èíîê ôîðîíèä ðåñíè÷êè ïðåîðàëüíîãî øíóðà ðàáîòàþò òàê aeå êàê ó ëè÷èíîê äðóãèõ ïåðâè÷íîðîòûõ: áüþò ñïåðåäè íàçàä, òîãäà ðåñíè÷êè ïîñòîðàëüíîãî ðåñíè÷íîãî øíóðà ðàáîòàþò êàê ó âòîðè÷íîðîòûõ: áüþò ñïåðåäè íàçàä. Ñèãíàëüíûå ñåðîòîíè-íýðãè÷åñêèå íåéðîíû äèôôåðåíöèðóþòñÿ â ýïèäåðìèñå àïèêàëüíîé ïëàñòèíêè. Ñåðîòîíèíýðãè÷åñêèå êëåòêè ïîÿâëÿþòñÿ, íî ïîòîì èñ÷åçàþò âäîëü êðàÿ ïðåîðàëüíîé ëîïàñòè, à òàêaeå âäîëü âåíòðàëüíîé ñòîðîíû òåëà, ãäå îíè ôîðìèðóþò ïðîäîëüíûé íåðâíûé ñòâîë ñ ïàðíûìè íåéðîíàìè è ìåòàìåðíûìè êîìèññóðàìè. Ó ìîëîäîé ëè÷èíêè ñåðîòîíèíýðãè÷åñêàÿ íåðâíàÿ ñèñòåìà ñîñòîèò èç àïèêàëüíîãî îðãàíà, êîòîðûé îáðàçóþò ìîíîïîëÿðû è äâå ãðóïïû (ïðàâàÿ è ëåâàÿ) áèïîëÿðîâ èëè ìóëüòèïîëÿðîâ, íåðâà ùóïàëåö, îêîëîãëîòî÷íîãî íåðâíîãî êîëüöà è äâóõ êîëüöåâûõ íåðâîâ òåëîòðîõà. FMRFàìèäýðãè÷åñêàÿ íåðâíàÿ ñèñòåìà óñòðîåíà áîëåå ñëîaeíî è ãëàâíûå íåðâíûå òðàêòû ïîâòîðÿþò õîä ãëàâíûõ ìûøå÷íûõ ïó÷êîâ. FMRFàìèäýðãè÷åñêèé âåíòðàëüíûé íåðâíûé ñòâîë ïîÿâëÿåòñÿ ó øåñòèäíåâíîé ëè÷èíêè è ñîõðàíÿåòñÿ íà áîëåå ïîçäíèõ ñòàäèÿõ. Âûäåëèòåëüíàÿ ñèñòåìà çàêëàäûâàåòñÿ íåïàðíûì ýêòîäåðìàëüíûì âïÿ÷èâàíèåì, êîòîðîå ôîðìèðóåòñÿ ïîä ïîñòîðàëüíûì ðåñíè÷íûì øíóðîì âïåðåäè êèøå÷íèêà. Îò ýòîãî âïÿ÷èâàíèÿ îòõîäÿò äâå âåòâè ëåâàÿ è ïðàâàÿ, êàaeäàÿ èç êîòîðûõ íåñåò ãðóïïó èç 710 òåðìèíàëüíûõ êëåòîê. Çàòåì åäèíîå îñíîâàíèå ðàçäåëÿåòñÿ è ôîðìèðóþòñÿ äâà ïðîòîíåôðèäèÿ. Ýíòîáëàñò äàåò íà÷àëî íåêîòîðûì îòäåëàì ïèùåâàðèòåëüíîãî òðàêòà: êàðäèàëüíûé ñôèíêòåð, aeåëóäîê, ñðåäíÿÿ êèøêà. Çàäíèé îòäåë ïðîèñõîäèò èç ýêòîáëàñòà. Ìåçîáëàñò äàåò íà÷àëî êëåòêàì öåëîìè÷åñêîé âûñòèëêè ïðåîðàëüíîãî è, ïîçäíåå ùóïàëüöåâîãî öåëîìîâ, ìóñêóëàòóðå è êëåòêàì êðîâè, êîòîðûå ïîÿâëÿþòñÿ íà áîëåå ïîçäíèõ ëè÷èíî÷íûõ ñòàäèÿõ. Íà ðàííèõ ýòàïàõ ðàçâèòèÿ ìûøå÷íûå êëåòêè è êëåòêè öåëîìè÷åñêîé âûñòèëêè íå îòëè÷àþòñÿ äðóã îò äðóãà ïî óëüòðàñòðóêòóðå è îáðàçóþò åäèíûé ñëîé, â êîòîðîì âñå êëåòêè ñâÿçàíû äåñìîñîìàìè. Çàòåì â ìûøå÷íûõ êëåòêàõ ïîÿâëÿþòñÿ ìèîôèëàìåíòû è óòðà÷èâàþòñÿ äåñìîñîìû. Íà áîëåå ïîçäíèõ ñòàäèÿõ ìèîôèëàìåíòû îðãàíèçóþòñÿ ïî òèïó ïîïåðå÷íîïîëîñàòîé ìóñêóëàòóðû. Ñóììèðóÿ ðåçóëüòàòû ìîaeíî çàêëþ÷èòü, ÷òî ôîðîíèäû ãðóïïà, ñî÷åòàþùàÿ ïðèçíàêè ïåðâè÷íîðîòûõ è âòîðè÷íîðîòûõ. Ïî-âèäèìîìó, ýòè ïðèçíàêè (íåäåòåðìèíèðîâàííîå äðîáëåíèå ÿéöà, ôîðìèðîâàíèå áëàñòóëû íà ðàííèõ ñòàäèÿõ äðîáëåíèÿ, íàëè÷èå äâóõ èñòî÷íèêîâ öåëîìè÷åñêîé ìåçîäåðìû, îäíîâðåìåííîå ïîÿâëåíèå ðòà, íåðâíîé ñèñòåìû è ìóñêóëàòóðû è ò.ä.) óíàñëåäîâàíû ôîðîíèäàìè îò îáùåãî ïðåäêà Bilateria, à ñàìè ôîðîíèäû, òàêèì îáðàçîì, çàíèìàåò áîëåå áàçàëüíîå ïîëîaeåíèå ñðåäè Lophotrochozoa. Êàê öèòèðîâàòü ýòó ñòàòüþ: Temereva E.N., Malakhov V.V. 2012 . Embryogenesis in phoronids // Invert. Zool. Vol.9. No.1. P.139.
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Introduction
The Phoronida is a group of invertebrates with a unique body plan. The position of phoronids on the phylogenetic tree of Bilateria is still unclear and is a hotly debated topic in metazoan phylogeny. Traditionally, phoronids have been allied with brachiopods and bryozoans all of which bear a ciliated, tentacular feeding apparatus called a lophophore in the taxon Tentaculata (Hatschek, 1888) or Lophophorata (Hyman, 1959) . The monophyly of Lophophorata, however, has been questioned by several authors. For example, V.N. Beklemishev (1964) inferred that metamorphosis of phoronids is similar to metamorphosis of bryozoans, and he merged both groups into one taxon Podaxonia. In contrast, there is substantial molecular evidence that the Phoronida and Brachiopoda are closely related (Cohen et al., 1998; Cohen, 2000; Cohen, Weydmann, 2005; Santagata, Cohen, 2009 ). According to all these data, moreover, phoronids form a small taxon among the inarticulate brachiopods. In any case, the decision concerning relationships between the main groups of the Lophophorata does not help us define the position of the Lophophorata on the bilaterian phylogenetic tree.
The position of lophophorates among other Bilateria has been changed several times. Some authors concluded that the Lophophorata are protostomian animals (e.g., Hatschek, 1888; Grobben, 1908; Hyman, 1940; Marcus, 1958) . Others regarded the Lophophorata as an archicoelomate group that is situated at the base of the Bilateria phylogenetic tree (Masrterman, 1900; Remane, 1949; Siewing, 1980) . A third group of authors, who focused on comparative anatomy and embryology, considered the Lophophorata to be closely related to the Deuterostomia (e.g., Zimmer, 1973; Emig, 1977a; Lüter, 2000; Ax, 2001) .
In recent zoological science, phoronids are regarded as trochozoans (Giribet, 2008; Paps et al., 2009 ), but their position among the Lophotrochozoa is still debated. Some molecular phylogenetic analyses have suggested a close relationship between phoronids and mollusks (Mal-lat, Winchell, 2002; Paps et al., 2009) or between phoronids and nemerteans (Dunn et al., 2008; Helmkampf et al., 2008; Hausdorf et al., 2010) . In any case, these affiliations are based solely on molecular data and are not supported by any morphological or embryological data. Moreover, analyses based on comparative anatomy and embryology always indicate that phoronids are a sister group of the Deuterostomia (Remane, 1949; Siewing, 1980 ). This contradiction between molecular data and data from comparative anatomy and embryology reflects contradiction in other results of modern investigations. Thus, on the one hand, phoronids have all the features of deuterostomian animals such as radial cleavage of the egg (Emig, 1977b; Herrmann, 1986; Temereva, Malakhov, 2007) , multicellular origin of the coelomic mesoderm (Herrmann, 1980; Zimmer, 1980; Temereva, Malakhov, 2007) , and three coelomic compartments in the larva (Masterman, 1900; Temereva, Malakhov, 2006a) and the adult (Emig, Siewing, 1975; Temereva, Malakhov, 2011a) . On the other hand, some data indicate the presence of trochozoan features in phoronid organization and development. Thus, spiral cleavage was discovered in several species (Rattenbury, 1954; Pennerstorfer, Scholtz, 2011) , and some larvae and adults lack a preoral coelom (Bartolomaeus, 2001; Gruhl et al., 2005) . At the same time, some principal aspects of phoronid embryogenesis have not been studied. These unstudied aspects concern the formation of the digestive tract and coelomic system, neurogenesis, and myogenesis. In this chapter, we provide new data about phoronid embryogenesis and a comparative analysis of phoronid embryogenesis.
Formation of gametes and fertilization
The development of oocytes and spermatozoa has studied in two phoronid species: Phoronopsis harmeri Pixell 1912 (see Reunov, Klepal, 2004; Temereva et al., 2011c) and Phoronis muelleri Selys-Longchamps 1903 (see Franzen, Ahlfors, 1980) . Phoronids do not have special gonads, and germ cells develop in a special tissue called vasoperitoneal tissue (Fig. 1A) . The ultrastructure and development of vasoperitoneal tissue were recently studied in Ph. harmeri (Temereva et al., 2011) . According to these data, cells of the vasoperitoneal tissue and oocytes rest on the blood capillaries (Fig. 1A) , and cells of the vasoperitoneal tissue form a follicular layer around each oocyte; although the follicle covers the oocyte, it does not nourish it (Temereva et al., 2011) . The mature oocyte has one large nucleus and one or several large nucleoli, which are visible even with a light microscope (Fig. 1B) . Spermatozoa mature inside special lophophoral organs, which are present in mails of dioecious species and in all adult hermaphroditic species. The organization and ultrastructure of the lophophoral organ were described in several reports (Ikeda, 1903; Zimmer, 1967; Temereva, Malakhov, 2006b) . According to these reports, lophophoral organs contain cavities in which the spermatophores form. The morphology of spermatophores has been described for two phoronid species (Zimmer, 1967) . In Phoronis ijimai Oka 1897 (=Phoronis vancouverensis Pixell 1912), the spermatophore is ovoid and small. In Ph. harmeri, the spermatophore has a large spiral sail and a round basal pocket that contains spermatozoa (Fig. 1C ). In some cases, the male can produce aggregations of spermatophores ( Fig. 1D ). One aggregation can contain two or three round pockets of different diameters. At the location where the sail contacts the pocket, there is a roundish socket (Fig. 1E ). The pocket with spermatozoa is covered by a thin, transparent, massy layer (probably, mucous) with stuck grogs (Fig. 1F ). The pocket surface bears many ovoid dents ( Fig.  1E ). Spermatophores can float in water, and the spermatozoa that they release into the water enter the female through the nephridial ducts. Once in the females trunk coelom, the spermatozoa form large aggregations that float in the coelomic fluid ( Fig. 1G ) and then fertilize the eggs. Because fertilization occurs in the females trunk coelom, fertilization in phoronids can be categorized as internal. The spawning occurs as a release of fertilized eggs or early embryos. Most eggs start to develop in the sea water, but the intriguing idea that contact with sea water triggers the cleavage of the egg is incorrect because cleavage (embryos with 2 or 4 blastomeres) in the trunk coelom has been documented (Selys-Longchamps, 1907; Rattenbury, 1953; Temereva, Malakhov, 2007) .
Early development
Because early development of phoronids is still debated, it necessary to discuss and consider all relevant evidence. Moreover, phoronid species vary considerably with respect to egg cleavage, blastulation, and gastrulation.
Egg cleavage
Is cleavage spiral or radial? Early development of phoronids was first described in detail by J. Rattenbury (1954) , who worked with Phoronopsis viridis Hilton 1930 (=Ph. harmeri). According to Rattenbury, the eggs of Ph. viridis and probably of all phoronids have spiral cleavage. Starting from the third division, the spindles arise in an oblique direction, and the degree of spindle inclination may vary between the cells of one embryo (Rattenbury, 1954) . The third cleavage is approximately equal, the micromeres being the same size as the macromeres. As a result of the oblique position of the spindles, sister cells shift with respect to each other so that one lies closer to the animal pole and the other lies closer to the vegetal pole. Rattenbury (1954) traced the fate of each quadrant up to the late blastula stage and concluded that phoronids have equal, undetermined, spiral cleavage without specialised mesodermal cells, i.e., without teloblasts. The view that cleavage in phoronids is spiral received new support from the modern view that phoronids are closely related to typical spiralians. Some authors have suggested that spiral cleavage has been reduced in phoronids (Hejnol, 2010) , and others have suggested that phoronids might exhibit a plesiomorphic or a second- A part of the blood capillary (bv) with oocytes (ooc) and vasoperitoneal tissue (vpt); B part of the oocyte cytoplasm (cy) with a portion of the nucleus (n) and large nucleolus (nu); C the spermatophore consists of a sail (s) and a pocket (po) with spermatozoa; D aggregation of pockets (po), which are covered by a mucous layer (ml); E spermatophore; the place of contact between sail (s) and pocket. A small socket (so) and dents (de) are indicated; F general view of spermatophore pocket, which is covered by a mucous layer (ml), and part of the sail (s); G aggregations of spermatozoa (sa) from the coelomic fluid of a female. Scale bars: A, F 50 µm; B 10 µm; C, D 100 µm; E, G 1 µm.
Ðèñ. 1. Ïîëîâûå êëåòêè è ñïåðìàòîôîðû Phoronopsis harmeri, ñâåòîâûå ôîòîãðàôèè aeèâîãî ìàòåðèàëà. À ÷àñòü êðîâåíîñíîãî êàïèëëÿðà (bv) ñ îîöèòàìè (ooc) è âàçîïåðèòîíåàëüíîé òêàíüþ (vpt); B ÷àñòü öèòîïëàçìû îîöèòà (cv) ñ ó÷àñòêîì ÿäðà (n) è ÿäðûøêîì (nu); C ñïåðìàòîôîð, ñîñòîÿùèé èç ïàðóñà (s) è ìåøêà (po) ñî ñïåðìèÿìè; D ñêîïëåíèå ìåøêîâ (po), ïîêðûòûõ îáùåé ñëèçèñòîé îáîëî÷êîé (ml); E ñïåðìàòîôîð; ìåñòî êîíòàêòà ïàðóñà (s) è ìåøêà. Ïîêàçàíî íåáîëüøîå óãëóáëåíèå (so) â îñíîâàíèè ïàðóñà è ÿìêè (de) íà ïîâåðõíîñòè; F îáùèé âèä ìåøêà ñïåðìàòîôîðà, ïîêðûòîãî ñëèçèñòîé îáîëî÷êîé (ml), è ó÷àñòêà ïàðóñà (s); G ñêîïëåíèÿ ñïåðìàòîçîèäîâ èçëå÷åííûõ èç öåëîìè÷åñêîé ïîëîñòè ñàìêè. Ìàñøòàá: A, F 50 ìêì; B 10 ìêì; C, D 100 ìêì; E, G 1 ìêì. arily simplified spiralian condition (Pennerstorfer, Scholtz, 2011) .
Our own data indicate that phoronid egg cleavage is closer to radial than spiral, although cleavage varies depending on the type of development Temereva, Malakhov, 2007) . Phoronids exhibit three types of development (Emig, 1977b; Temereva, 2009 ). In the first type, which is termed holopelagic, embryos develop freely in sea water. In the second type of development, the embryos are retained in the lophophore up to the actinotroch stage. In the third type, which is termed lecitotrophic and which is exhibited only by Phoronis ovalis Wright 1856, the embryo develops without pelagic stages. We have studied embryonic development in two species, which exhibit the first and second types of development.
Ph. harmeri is a phoronid with the first type of development and releases eggs into the water. The egg is 90 µm in diameter and is surrounded by a thin envelope ( Fig. 2A ). Before the first cleavage, the envelope becomes more amorphous and undulated (Fig. 2B ). The furrow of the first division appears on the animal pole, and first division occurs on the meridional plane ( Fig. 2C ). One blastomere is somewhat larger than the other (Temereva, Malakhov, 2007) . After the first cleavage, the blastomeres separate, and the difference in size is easily observed (Fig. 2D ). The blastomeres then gradually approach each other, and difference in blastomere size becomes insignificant ( Fig. 2E , F). The difference in size between the first two blastomeres has also been observed for several other phoronid species (Foettinger, 1882; Roule, 1900; Brooks, Cowles, 1905; Rattenbury, 1954; Emig, 1974 Emig, , 1977b . Experimental studies of embryonic development in Ph. ijimai showed that the first groove is usually transverse to the anterior posterior axis of the larval body, producing one anterior and one posterior blastomere (Freeman, 1991) . Hence, in phoronids in which the first division is unequal, the larger blastomere may be located at either end of the embryo. Considering that the anterior end of the larva is larger than the posterior end (the spacious head lobe develops and immigration of primary mesoderm occurs in the anterior end), one could speculate that the larger blastomere corresponds to the anterior end of the embryo. According to other observations, cells of the animal pole are slightly smaller that those of the vegetal pole at the 8-blastomere stage (Rattenbury, 1954; Emig, 1977b) . The cleavage inequality at this stage is often (but not always) pronounced in spiral embryogenesis. In these cases, the animal cells (the first quartet micromeres) give rise to the larval episphere, while the vegetative cells (first quartet of macromeres) give rise to the larval hypersphere. In phoronids, the inequality is often not detectable by observation with a light microscope, and cell fate of both pole blastomeres is determined at the 8-cell stage (Freeman, 1991) . In gastrula, the descendants of animal blastomeres occupy the aboral pole region, whereas descendants of vegetal blastomeres occupy the periblastoporal region. In the actinotrocha, the animal blastomere descendants (together with the apical plate and the stretching of the ectodermal tier along the dorsal part of larval body) give rise to the ectoderm of the head lobe (above the ciliated band) (Freeman, 1991) . This pattern is easily accounted for by accretion of the gastrula dorsal zone, resulting in displacement of the apical plate to the front of the embryo. However, in Phoronis pallid Silen 1952, for instance, a typical radial symmetry of blastomeres is observed at the 16- A the egg with the polar body (pb) and envelope (en); B the start of the first cleavage: two light areas (la) in the cytoplasm (two poles of spindle) appear and the envelope becomes amorphous; C formation of the first cleavage furrow (arrowheads); DF stage of 2 blastomeres; D blastomeres part from each other; the right blastomere is larger than the left; E the gradual approach of the blastomeres; F connivent blastomeres; GI the 4-blastomere stage; G just after division: the envelope is amorphous; H formation of inner protrusions (arrowheads) in two sister blastomeres; I an embryo in which the blastomeres on the right are clearly larger than the blastomeres on the left; J typical shape of an 8-cell embryo in radial cleavage: animal blastomeres (top) are strictly juxtaposed with vegetal blastomeres (bottom); K the start of the fourth division. Protrusions of blastomeres are marked by arrowheads; L the 16-cell stage: the embryo contains a small cavity (c).
Ðèñ. 2. Ðàííåå äðîáëåíèå Phoronopsis harmeri, aeèâûå ýìáðèîíû, ñâåòîâàÿ ìèêðîñêîïèÿ. AD, F, J, K âèä ñáîêó, àíèìàëüíûé ïîëþñ ñâåðõó; E, GI âèä ñ àíèìàëüíîãî ïîëþñà; L âèä ñ âåãåòàòèâíîãî ïîëþñà. Äî÷åðíèå áëàñòîìåðû ñîåäèíåíû ëèíèÿìè. Äèàìåòð êàaeäîé ñòàäèè 90 ìêì.
A ÿéöî ñ ïîëÿðíûì òåëüöåì (pb) è îáîëî÷êîé (en); B íà÷àëî ïåðâîãî äåëåíèÿ äðîáëåíèÿ: ïîÿâëÿþòñÿ äâå ñâåòëûõ îáëàñòè (la) â öèòîïëàçìå (äâà ïîëÿ âåðåòåíà äåëåíèÿ) è îáîëî÷êà ñòàíîâèòñÿ ìîðùèíèñòîé è àìîðôíîé; C ôîðìèðîâàíèå áîðîçäû ïåðâîãî äåëåíèÿ äðîáëåíèÿ (îòìå÷åíà íàêîíå÷íèêàìè); DF ñòàäèÿ 2 áëàñòîìåðîâ; D áëàñòîìåðû ðàñõîäÿòñÿ; ïðàâûé áëàñòîìåð áîëüøå ëåâîãî; E ïîñòåïåííîå ñáëèaeåíèå áëàñòîìåðîâ; F ñáëèçèâøèåñÿ áëàñòîìåðû; GI ñòàäèÿ 4 áëàñòîìåðîâ; G ñðàçó ïîñëå äåëåíèÿ: âèäíà àìîðôíàÿ îáîëî÷êà; H ôîðìèðîâàíèå âíóòðåííèõ âûïÿ÷èâàíèé (óêàçàíû íàêîíå÷íèêàìè) ó äóõ ñåñòðèíñêèõ áëàñòîìåðîâ; I ýìáðèîí, ó êîòîðîãî îò÷åòëèâî âèäíà ðàçíèöà ìåaeäó êðóïíûìè áëàñòîìåðàìè (ñïðàâà) è áîëåå ìåëêèìè áëàñòîìåðàìè (ñëåâà); J òèïè÷íàÿ äëÿ ðàäèàëüíîãî äðîáëåíèÿ ôîðìà 8 êëåòî÷íîãî çàðîäûøà: àíèìàëüíûå áëàñòîìåðû (ñâåðõó) ðàñïîëàãàþòñÿ ñòðîãî íàä âåãåòàòèâíûìè (ñíèçó); K íà÷àëî ÷åòâåðòîãî äåëåíèÿ äðîáëåíèÿ. Âûïÿ÷èâàíèÿ áëàñòîìåðîâ óêàçàíû íàêîíå÷íèêàìè; L 16-êëåòî÷íûé ýìáðèîí ñ ïîëîñòüþ (ñ) âíóòðè.
cell stage, and even a 32-celled blastula is not polarized (Santagata, 2004) .
According to our data, the second cleavage furrow of Ph. harmeri also forms on the meridional plane (Fig. 2GI ). Sister blastomeres part from each other, and the envelope forms many waves ( Fig. 2G ). Then the blastomeres approach, and some form a protrusion on the inner-lateral blastomere surface ( Fig. 2H ). When blastomeres approach, the envelope becomes smooth. In some embryos, the difference in size between blastomeres is evident at this stage (Fig. 2I) .
The third cleavage furrows are oriented on the equatorial plane. The arrangement of blastomeres at the 8-cell stage is typical for radial cleavage and deuterostomian development in which the four vegetal blastomeres are strictly juxtaposed with four animal blastomeres (Fig.  2J ). The fourth cleavage furrows are oblique, and the spindles are situated at an angle with respect to animalvegetal axis ( Fig. 2K ). In some blastomeres, short, thick protrusions form. They point toward a small cavity that has formed as a result of the oblique positions of the spindles ( Fig. 2K ). Thus, the small blastocoel cavity appears at the 16-cell stage (Fig. 2L ). The oblique orientation of the fourth cleavage furrows and the early formation of the blastocoel are in accord with the holopelagic type of development, because the blastocoel cavity promotes the buoyancy of the embryo. Oblique furrows have been described in other phoronid species. Thus, according to Herrmann (1986) , the third cleavage furrows in Ph. muelleri are orientated at an angle to the animalvegetal axis. This angle can vary from 10 to 45 degrees. After that, the animal and vegetal blastomeres are shifted by some angle relative to the animalvegetal axis. Herrmann (1986) emphasized that this event is not evidence of spiral cleavage. Interesting, Zimmer (1964) describes 8-cell embryos in which animal blastomers have shifted relative to vegetal blastomers. Rattenbury (1954) and Pennerstorfer with Scholtz (2011) , who dealt with the oblique positions of the furrows of the third and subsequent divisions, assumed that a spiralian pattern characterized the cleavage in phoronids. In our opinion, the oblique position of division furrows correlates only with the type of development and cannot be regarded as typical spiral cleavage.
In Ph. harmeri, the swimming blastula contains a spacious blastocoel. The blastoderm is noticeably thicker at the vegetal pole than at the animal pole. Each cell bears the cilium. There is a tuft of long cilia on the animal pole of the swimming blastula (Temereva, Malakov, 2007) .
Ph. ijimai exhibits the second type of development (Emig, 1977b; Temereva, Malakhov, 2009 ). This species broods embryos up to the young larval stage. In Ph. ijimai, the three first cleavages are similar to those in Ph. harmeri. The furrows of fourth and fifth cleavage are meridional, almost parallel to each other. As a result, the 32-cell embryo consists of two 16-cell plates. The bricklike shape of the embryo is maintained in subsequent stages. The blastula is compressed along the animalvegetal axis, and there is no spacious blastocoel within. Embryogenesis in phoronids Overall, egg cleavage in phoronids usually follows a radial rather than a spiral pattern but varies depending on type of development. In phoronids with holopelagic development (e.g., Ph. harmeri), oblique furrows of the fourth and subsequent divisions allow the formation of a spherical blastula containing a spacious blastocoel that is very important for embryo buoyancy. Phoronids with brooding (e.g., Ph. ijimai), in contrast, lack oblique furrows although the regular alternation of meridian and latitudinal divisions is altered in some positions. The meridional position of the furrows of the 4 th and the 5 th divisions facilitates the formation of an embryo with a brick-like shape, a shape that allows the embryos to be closely packed within the aggregation. The second type of phoronid development in which larvae are released relatively late seems to be more advanced than the first type.
Although some aspects of phoronid cleavage superficially resemble spiral cleavage, especially in phoronids with holopelagic development, phoronid development and typical spiral development are significantly different. Phoronid development lacks the kind of specific mosaic of blastomeres that is characteristic for true spiral development. Rosette cells, cross cells, and trochoblasts, all of which are characteristic of spiral development, have never been reported in phoronids. We therefore believe that phoronid development should not be interpreted as being derived from a spiral development. More likely, phoronid cleavage demonstrates the first steps away from undetermined radial cleavage that seems to be plesiomorphic for bilaterian clade towards the spiral cleavage which is characteristic for trochozoans as such. From this standpoint, phoronids probably with other lophophorates occupy a basal position within the lophotrochozoan clade in comparison with more advanced trochozoans.
Gastrulation and mesoderm formation
In Ph. harmeri, blastulae actively swim in sea water. The gastrulation starts with the flattening of the vegetal blastoderm (Fig. 4A ). The apical tuft of long cilia shifts onward, and the direction of the animalvegetal axis changes it curves (Fig. 4A ). The blastoderm then migrates into the blastocoels (Fig. 4B ). The prima- A the egg with two polar bodies (pb) enveloped by the thin envelope (en); B two blastomeres; C completion of the second cleavage; D eight blastomeres; E sixteen blastomeres; F thirty-two blastomeres. The embryo has a brick-like shape; G early gastrula stage with differentiated ectoderm (ect) and entoderm (ent), primary archenteron (ar), and primary anterior mesoderm precursor (am). Sagittal section, the anterior pole is on the right; H later gastrula with large archenteron (ar) and anterior mesoderm (am). Sagittal section, the anterior pole is at the top; I later gastrula stage with a spacious blastocoel in the anterior part, which is lined by cells that arose from the anterior mesodermal precursor (am). Frontal section, the anterior pole is at the top; J preactinotrocha; the formation of the posterior mesodermal precursor (pm). The larva has a large apical plate (ap) and archenteron (ar). Sagittal section.
Ðèñ. 3. Ðàííåå ðàçâèòèå, ãàñòðóëÿöèÿ è ôîðìèðîâàíèå ìåçîäåðìû ó Phoronis ijimai. AF ðèñóíêè aeèâûõ ýìáðèîíîâ, èçâëå÷åííûõ èç ýìáðèîíàëüíûõ ñêîïëåíèé. Ïîëÿðíûå òåëüöà ìàðêèðóþò àíèìàëüíûé ïîëþñ. Ñåñòðèíñêèå áëàñòîìåðû ñîåäèíåíû ëèíèÿìè. AE âèä ñáîêó; F âèä ñ àíèìàëüíîãî ïîëþñà; GJ ðèñóíêè ãèñòîëîãè÷åñêèõ ñðåçîâ ýìáðèîíîâ.
A ÿéöî ñ äâóìÿ ïîëÿðíûìè òåëüöàìè (pb), îäåòîå òîíêîé îáîëî÷êîé (en); B äâà áëàñòîìåðà; C îêîí÷àíèå âòîðîãî äåëåíèÿ äðîáëåíèÿ; D ñòàäèÿ 8 áëàñòîìåðîâ; E ñòàäèÿ 16 áëàñòîìåðîâ; F ñòàäèÿ 32 áëàñòîìåðîâ; G ðàííÿÿ ãàñòðóëà ñ äèôôåðåíöèðîâàííîé ýêòîäåðìîé (ect) è ýíòîäåðìîé (ent), àðõåíòåðîíîì (ar) è çà÷àòêîì ïåðåäíåé ìåçîäåðìû (am). Ñàãèòòàëüíûé ñðåç, ïåðåäíèé êîíåö òåëà ñâåðõó; H ïîçäíÿÿ ãàñòðóëà ñ îáøèðíûì àðõåíòåðîíîì (ar) è ïåðåäíåé ìåçîäåðìîé (am). Ñàãèòòàëüíûé ñðåç, ïåðåäíèé êîíåö òåëà ñâåðõó; I ïîçäíÿÿ ãàñòðóëà ñ îáøèðíûì áëàñòîöåëåì â ïåðåäíåé ÷àñòè çàðîäûøà; áëàñòîöåëü âûñòëàí êëåòêàìè, ïðîèñõîäÿùèìè èç ïåðåäíåãî öåëîìè÷åñêîãî çà÷àòêà (am). Ôðîíòàëüíûé ñðåç, ïåðåäíèé êîíåö òåëà ñâåðõó; J ïðåàêòèíîòðîõà, ôîðìèðîâàíèå çàäíåãî öåëîìè÷åñêîãî çà÷àòêà (pm). Ïîêàçàíû êðóïíàÿ àïèêàëüíàÿ ïëàñòèíêà (ap) è àðõåíòåðîí (ar). Ñàãèòòàëüíûé ñðåç. ry blastopore looks like a round orifice in the center of the vegetal pole ( Fig. 4C ). It elongates on the anteriorposterior axis to occupy the major portion of the back half of the ventral area of the embryo. Blastopore lips gradually close in at its middle and later at the posterior region. In later gastrula stages, the blastopore has a narrow posterior part and a wide anterior part ( Fig. 4E ). Then the posterior part closes and is replaced by a deep groove on the ventral side of the gastrula (Fig. 4F ). The remnant of the blastopore at its anterior region forms the mouth. The gastrula has a spacious blastocoel, which is especially voluminous in its anterior part (Fig.  4D ). The archenteron occupies the middle and posterior part of the embryo (Fig. 4D ).
In Ph. ijimai, gastrulation proceeds in the maternal lophophore. Cilia develop on the cells of the blastoderm by the beginning of gastrulation, but embryos still remain aggregated. Gastrulation combines several events: the ingrowth of the vegetal pole blastoderm, the bending of the embryo, and the invagination of the vegetal blastoderm. The primary blastopore looks like a depression at the centre of the vegetal pole ( Fig.  5A ). Cells of the vegetal depression have distinctly prominent apical parts that distinguish the blastopore area from other regions of the embryo that are formed by more flattened cells (Fig. 5B ). The primary blastopore then elongates and looks like a narrow slit (Fig. 5C ). The cells in the vegetal pole retain their peculiar shape. The narrow blastocoel between the ectoderm and invaginated entoderm is filled with mesodermal cells (Fig. 5D ). The blastopore gradually elongates and closes in the middle. The blastoporal grove is clearly visible on the ventral side of the embryo (Fig. 5E ). The mouth and anus develop as deep depressions at the opposite ends of the blastoporal groove ( Fig.  5F ).
In both species (Ph. ijimai and Ph. harmeri), the mesoderm originates from two sources: anterior and posterior. In Ph. harmeri, the anterior precursor arises from the anterior wall of the archenteron in the early gastrula stage. Initially, it looks like a small bulb ( Fig. 4B ) but then it grows and gives rise to a large mass of cells that fill the anterior part of the blastocoel (Fig. 4D ). Some mesoderm cells remain in the anterior part of the embryo (Fig. 4G ) but some migrate backwards, forming two lateral tiers along both sides of the archenteron (Fig. 4H ). The anterior mass of mesoderm cells gives rise to the preoral coelom (see below) and the muscle of the preoral lobe (Fig. 4I ). The lateral cell tiers form the A lateral view of the early gastrula stage with a long apical tuft (at), a shifted apical plate (ap), a spacious blastocoel, and a flat blastoderm (vp) of the vegetal pole; B the next stage with an archenteron (ar), a large apical plate (ap), and the precursor of the anterior mesoderm (am), lateral view; C the same stage on the ventral side, showing the archenteron (ar) and elongated blastopore (bp); D later gastrula stage with apical tuft (at) on the anterior pole, small blastocoels (bl), and cells that migrated from the anterior mesoderm (arrowheads). Lateral view, the ventral side is on the right; E dorsal view of the later gastrula stage with apical plate (ap), archenteron (ar), and blastopore (bp), which has started to close posteriorly; F the same stage from the ventral side, 3D-reconstruction by Amira ver. 5.2.2. The blastopore (bp) and ventral deep grove (arrowheads) are shown; G Z-projection of several middle slides of the stack with a mass of mesodermal cell (arrowheads), archenteron (ar), and the blastopore (bp); H lateral view of the later gastrula stage with a spacious blastocoel (bl) in the anterior part, an archenteron (ar), and two lateral tiers (lt) of cells that migrated from the anterior pole; I the next stage with the closed cavity of the preoral coelom (c1), apical tuft (at), and archenteron (ar). Scale bars: AC 25 µm; DI 15 µm.
Ðèñ. 4. Ãàñòðóëÿöèÿ è ôîðìèðîâàíèå öåëîìè÷åñêîé ìåçîäåðìû ó Phoronopsis harmeri. AE, HI ôîòîãðàôèè aeèâûõ aeèâîòíûõ; ñâåòîâàÿ ìèêðîñêîïèÿ; F, G ôèêñèðîâàííûå ýìáðèîíû, îêðàøåííûå ôàëëîèäèíîì; êîíôîêàëüíàÿ ëàçåðíàÿ ñêàíèðóþùàÿ ìèêðîñêîïèÿ. D ïîçäíÿÿ ãàñòðóëà ñ òåìåííûì ñóëòàí÷èêîì (at) íà ïåðåäíåì êîíöå òåëà, íåáîëüøèì áëàñòîöåëåì (bl), è êëåòêàìè (óêàçàíû íàêîíå÷íèêàìè), èììèãðèðîâàâøèìè èç ïåðåäíåãî ìåçîäåðìàëüíîãî çà÷àòêà. Âèä ñáîêó, âåíòðàëüíàÿ ñòîðîíà ñïðàâà; E ïîçäíÿÿ ãàñòðóëà (âèä ñ äîðñàëüíîé ñòîðîíû), ïîêàçàíû: òåìåííàÿ ïëàñòèíêà (ap), àðõåíòåðîí (ar) è áëàñòîïîð (bp), íà÷àâøèé çàìûêàòüñÿ ñçàäè íàïåðåä; F òà aeå ñòàäèÿ ñ âåíòðàëüíîé ñòîðîíû, 3D-ðåêîíñòðóêöèÿ, ñäåëàííàÿ â ïðîãðàììå Amira âåð. 5.2.2. Ïîêàçàíû áëàñòîïîð è âåíòðàëüíûé aeåëîáîê (íàêîíå÷íèêè), ïðîõîäÿùèé âäîëü ëèíèè çàìûêàíèÿ áëàñòîïîðà; G Z-ïðîåêöèÿ íåñêîëüêèõ ñëàéäîâ èç ñåðåäèíû ñòîïêè, ïîêàçàíî ñêîïëåíèå ìåçîäåðìàëüíûõ êëåòîê (íàêîíå÷íèêè), àðõåíòåðîí (ar) è áëàñòîïîð (bp); H ïîçäíÿÿ ãàñòðóëà ñ îáøèðíûì áëàñòîöåëåì (bl) â ïåðåäíåé ÷àñòè òåëà, àðõåíòåðîíîì (ar) è äâóìÿ ëàòåðàëüíûìè ðÿäàìè êëåòîê (lt), âûñåëèâøèõñÿ èç ñòåíêè àðõåíòåðîíà (âèä ñáîêó); I ñëåäóþùàÿ ñòàäèÿ ñ çàìêíóòîé ïîëîñòü ïðåäðîòîâîãî öåëîìà (c1), òåìåííûì ñóëòàí÷èêîì (at) è àðõåíòåðîíîì (ar). Ìàñøòàá: AC 25 ìêì; DI 15 ìêì. muscle system of the hyposphere and tentacles. The posterior mesodermal precursor appears in early larval stages (Fig. 6A ). The posterior mesoderm precursor first forms as a small evagination at the border between the midgut and hindgut. Then the precursor buds off becoming a horseshoe-shaped body (Fig. 6B) , which embraces the intestine dorsally and on both sides (Fig. 6C ). Later in development, two branches of the metacoel horseshoe, which are easily observed in live larvae (Fig. 6D ), meet on ventral the side, thus forming the ventral mesentery.
In Ph. ijimai, two precursors of the coelomic mesoderm can be recognized in histological sections (Fig. 3GJ ). The anterior one also arises from cells that migrate from the anterior wall of the archenteron (Fig. 3GI ); the posterior one forms by enterocoely at the border between the hindgut and midgut (Fig. 3J ).
According to most authors, mesodermal cells consist of cells that migrated from the frontal and lateral archenteron walls (Selys-Longchamps, 1902; Brooks, Cowles, 1905; Zimmer, 1980; Emig, 1974; Herrmann, 1986) . Thus, Brooks and Cowles (1905) argue that the budding clumps primarily form the preoral coelom (protocoel) with two descending tiers of mesoderm later giving rise to meso-and metacoels. In the view of Rattenbury (1954) , who inferred that spiral cleavage occurred in phoronids, the mesoderm originates from quadrants A, B, and C. Ikeda (1901) discovered that the mesoderm in Ph. vancouverensis originated from cells that migrate from the archenteron wall and from the formation of paired temporal pouches, from which mesodermal clumps bud off. Zimmer (1980) indicated that the proto-and mesocoel form from 3040 cells that migrate frontally and ventrolaterally from the archenteron, whereas the metacoel originates from 610 cells of the archenteron wall near the junction between the gut and stomach. Later, those cells aggregate to form a U-shaped body around the sides and dorsal part of the gut. A schizocoel forming inside this body gives rise to the definitive trunk coelom.
According to our data, the mesoderm in phoronids has a dual origin, anterior and poste-rior, and this has been proved in experiments with cell labeling in Ph. vancouverensis (Freeman, Martindale, 2002) . The mesoderm of this species includes cells labeled around both the mouth and anus, and forms at the border of the ecto-and endoderm, both of which contribute to its origin (Freeman, Martindale, 2002) .
Two origins for the mesoderm (anterior and posterior) are characteristic of other groups of Bilateria. Thus, in the Spiralia, the precursor of the posterior mesoderm is the 4d blastomere, whereas the anterior mesoderm originates from the descendants of blastomeres 2a, 2b, 2c, or 3a and 3b and gives rise to pharynx muscles (Boyer et al., 1998; Lartillot et al., 2002a) . In chordates, the posterior mesoderm is the mesoderm of the tail bud, and the anterior mesoderm is the so-called prechordal mesoderm (Seifert et al., 1993; Kiecker, Niehrs, 2001) . The mesoderm also has two origins in crustaceans, where the bulk of the mesoderm comes from the posterior portion of the embryonic plate (Weygoldt, 1961; Anderson, 1967; Behesch, 1969) . In many groups of crustaceans, on the other hand, the so-called preantennal mesoderm segregates anteriorly in the embryo (Weygoldt, 1961; Benesch, 1969) , thus giving rise to the muscles of the labium superius, pharynx, and eye-stalks.
The anterior and posterior mesoderm precursors are topologically associated with the mouth and anus, which within the framework of comparative anatomy are the products of the segregation of the slit-like blastopore of a radially symmetric ancestor (Sedgwick, 1884; Jagersten, 1955) . Interestingly, in both chordates and invertebrates, the regions of the anterior and posterior mesoderm precursors express the homeobox genes «Brachiury», «goosecoid», and «fork head» (Bassham, Postlethwait, 2000; Tagawa et al., 2001; Technau, 2001; Lartillot et al., 2002b; Takade et al., 2002) . Homologous genes express in Cnidaria circularly around mouth opening (Technau, Bode, 1999; Broun et al., 1999; Scholz, Technau, 2003) . This suggests that the two precursors associated with the anterior and posterior ends of the slit-like blastopore descended from a primarily circular re-gion of mesoderm formation in a radially symmetrical ancestor that split in the evolution of the Bilateria.
In phoronids, the anterior mesoderm precursor forms at the anterior tip of the slit-like blastopore at the ecto-endoderm junction. The posterior precursor develops at the edge of the endodermal gut and ectodermal proctodeum, i.e., at the region corresponding to the posterior blastopore tip.
Organogenesis
Specific larval organs begin to form in the later gastrula stage. First, the primary muscles and nervous system appear, and then the digestive tract forms. At the same time, the shape of embryo changes and the ciliated bands arise. The channels of the protonephridia and the posterior precursor of the coelomic mesoderm originate simultaneously. After that, the body area under the tentacle ridge grows, the telotroch appears around the anus, and the trunk coelom acquires a sack-like shape. The tentacle coelom forms in older larvae; then the blood masses originate and become large and red before metamorphosis. The tentacular ridge forms protrusions, which are the tentacles. The number of tentacles increases with age. In midlarval stages, the metasomal sack occurs on the middle line of the ventral side under the tentacles. We have studied all the steps of Ph. harmeri organogenesis. As is the case for all Bilateria, organs and tissues of phoronids arise from three germ layers: the ectoblast, entoblast, and mesoblast.
Ectoblast
In phoronids, the epidermis (including ciliated bands), nervous system, larval excretory system, esophagus and proctodaeum arise from the ectoblast.
Epidermis
In preactinotroch larvae, which do not feed and does not have ciliated bands, the epidermis is formed by monociliate cells that do not have evident differences in shape and height throughout the body (Fig. 7A ). The dorsal body wall has the least height and is composed of cuboidal cells with round nuclei bearing nucleoli (Fig.  7B ). The epidermis of the oral field, apical plate, and preoral lobe is identical in height and is formed by cylindrical cells (Fig. 7C) . Nucleus occupies the center of the cell. The apical cytoplasm of all cells contains large transparent vesicles ( Fig. 7B, C) . These vesicles can be found in all cells of the embryo and apparently arise from cortical granules of the egg. The basal cytoplasm of most epidermal cells have retained solitary yolk granules (Fig. 7AC ).
In the young actinotrocha and in all later stages, epidermal cells lack apical transparent vesicles and yolk granules. Differences between the epidermis of different body parts then become more evident (Fig. 7D ). At first, the preoral and postoral ciliated bands appear; then the telotroch forms ( Fig. 7D ). All ciliated bands are formed by monociliate, high, columnar cells with elongated nuclei. Cells of the preoral ciliated band contain bundles of thin filaments, which extend along the lateral walls of the cell (Fig. 7E ). The postoral ciliated band contains the so-called latero-frontal cilia, which bear nine thick, long microvilli and motionless cilia. In more advanced stages, these cilia form two rows along the lateral sides of each tentacle and are involved in particle capture (see Bullivant, 1968; Gilmour, 1978; Strathmann and Bone, 1997; Riisgård, 2002) . The latero-frontal cells can be visualized by staining with phalloidin because the long microvilli contain actin microfilaments ( Fig. 7G ). Moreover, these microfilaments extend into the cell cytoplasm and surround the nucleus, as revealed by confocal laser scanning microscopy (CLSM) (Fig. 7G ). The telotroch is the thickest ciliated band and is formed by columnar cells (Fig. 7F ). The desmosomes between these cells are located on the lateral walls, and the apical portions of the cells unattached to each other (Fig. 7F ). Cells of the telotroch epidermis have a long vertical rootlet, which passes from the apical cell part to the basal cell border. Embryogenesis in phoronids
The thick epidermis of the oral field (the area between the mouth and tentacles), apical plate, and preoral lobe is formed by columnar cells with well-developed apical net of thin microfilaments (Fig. 7H) . The nuclei are ovalshaped in these cells. The thin epidermis of the dorsal, lateral, and ventral body wall is composed of short, flat cells, which have a large surface area (Fig. 7I) . The nuclei in these cells usually have an irregular form: they are curved or horseshoe-like in shape.
The formation of specialized epidermis along the ciliated bands is a common character for most ciliated Bilateria larvae. In phoronid larvae, cilated bands are formed by monociliate cells. Such organization of ciliated bands is known in deuterostomian larvae: tornaria and dipleurula (Strathmann, Bonar, 1976; Nielsen, 1987; Dautov, Nezlin, 1992; Lacalli, Gilmour, 2001) . Some trochozoan larvae have monocilate cells in ciliated bands (larvae of Oweniidae) (Gardiner, 1978; Nielsen, 1987; Smart, Dassow, 2009 ). Nevertheless, in most trochozoan larvae, ciliated bands are formed by multiciliate cells.
Ciliated bands participate in larval locomotion in water and in the capture of food particles. Usually, the telotroche works as an organ of locomotion whereas the preoral and postoral ciliated bands surround the mouth and create a water current that moves food particles into the mouth. The Bilateria contains two groups of animals that create the water current with either an upstream-or a down-stream collecting system (Nielsen, 1987) . The upstream collecting system has been described in adult phoronids, bryozoans, brachiopods, and pterobranchia (Nielsen, 1987; Nielsen, Riisgård, 1998) . The down-stream collecting system is known in adult entoprocts, annelids, and sipunculids (Nielsen, 1987) . Two types of collecting systems also occur in larvae. In upstream larvae, cilia of the preoral ciliated band beat from posterior to anterior, whereas cilia of the postoral ciliated band beat from anterior to posterior. This type of collecting system was described in echinodermate and hemichordate larvae. The second type of larval type collecting system downstream filtration occurs in typical trochozoan larvae (e.g., trochophore). In these larvae, cilia of preoral ciliated band beat from anterior to posterior, whereas cilia of postoral ciliated band beat from posterior to anterior.
According to our data concerning actinotrocha, the preoral ciliated band beats from anterior to posterior, whereas the postoral ciliated band beats from anterior to posterior. Thus, in phoronid larvae, the preoral ciliated band works in the same manner as in trochozoan larvae, whereas the postroral ciliated band works in the same manner as in deuterostomian larvae. The same pattern with respect to the activities of preoral and postroral ciliated bands was described in cyphonautes, which are larvae of bryozoans (Strathmann, McEdwards, 1986; Strathmann, 2006) . 
Nervous system
The development of the phoronid nervous system has been studied in Ph. vancouverensis by immunochemistry (Hay-Schmidt, 1990a) and in Ph. harmeri by confocal microscopy and transmission electron microscopy (TEM) (Temereva, 2012; our unpublished data). Although the results of both investigations are generally similar, Ph. vancouverensis and Ph. harmeri differ in the details of early neurogenesis. According to our data, Ph. harmeri neurogenesis is characterized by the presence of nervous elements that have not been found before in phoronids (Temereva, 2012; our unpublished data) .
According to Hay-Schmidt (1990) and our data, first nerve cells differentiate in the epidermis of the apical plate. We have shown that perikarya first appear with the formation of mesodermal cells (and their derivatives muscles) and the mouth. This simultaneous formation of the nervous system, muscular system, and mouth may reflect some processes in evolutionary history when the organism changed from feeding on micro-particles to feeding on macroparticles. Neurotransmitters are first generated in epidermal cells, which are in close contact with the mesodermal cells (the future muscle cells).
In Ph. vancouverensis, the first perikarya contain catecholamine and serotonin (Hay-Schmidt, 1990a) . Catecholaminergetic cells appear in the centre of the apical plate, but then disappear, and new catecholamine-containing perikarya originate in the epidermis of the preoral lobe without connection to the apical plate (Hay-Schmidt, 1990a: Fig. 1a, b) . Radial catecholamine-containing processes extend from these perikarya to the edge of the preoral lobe. Catecholamine-containing neurites were found in the neuropil, along the edge of the preoral lobe, along the tentacular ridge, in each tentacle, and around the anus (Hay-Schmidt, 1990a) .
Serotonergic perikarya also arise in the apical plate and are evident there throughout larval development (Hay-Schmidt, 1990a) . As shown in our work, in Ph. harmeri, the first neurons appear in the epidermis of the apical plate in the middle gastrula stage (Fig. 8A ). The number of serotonergic perikarya increases with age. In the epidermis of the apical plate, serotonergic perikarya are located along the perimeter of the apical plate and arranged in the shape of a horseshoe with two dorsal branches (Fig. 8B,  D) . This horseshoe-like structure forms the basis of the larval apical organ. A horseshoe-shaped apical organ has been described in several phoronid larvae by several authors (Hay-Schmidt, 1989 , 1990b Lakalli, 1990; Santagata, Zimmer, 2002; own data) . As shown in our research, the apical organ in advanced larvae of Ph. harmeri is composed of two types of perikarya: monopolar and multi-or bipolar (Fig. 8B ). The first bipolar perikarya arise from monopolar perikarya, which lose apical parts with cilia and plunge into the epidermis of the apical plate. The monopolar perikarya are arranged along the perimeter of the apical organ, whereas the multior bipolar perikarya are located in the base of the epidermis of the apical plate and form two lateral groups (right and left) ( Fig. 8B) .
Additional serotonergic perikarya appear around the apical plate in Ph. vancouverensis (Hay-Schmidt, 1990a) and along the edge of the preoral lobe in Ph. harmeri (own data).
The first serotonergic neurites extend from the apical organ along the lateral and dorsal sides of the preoral lobe and collar region (upper portion of the hyposphere) in Ph. vancouverensis (Hay-Schmidt, 1990a) and along the dorso-lateral sides in Ph. harmeri (own data). According to Hay-Schmidt (1990a) , in older Ph. vancouverensis larvae, three pairs of major serotonergic nerves (probably these are neurite bundles) extend from the apical organ. In addition to these main nerves, there are radial nerves (probably neurite bundles) of the preoral lobe, which extend from the apical organ to the nerve on the edge of the preoral lobe, and the posterior nerve ring around the anus (Hay-Schmidt, 1990a). According to our data for Ph. harmeri larvae, only two serotonergic neurite bundles arise from the apical organ: the median neurite bundle of the preoral lobe and the tentacular neurite bundle. The latter starts as two dorso-lateral branches, which are formed by A lateral view of the later gastrula stage; the ventral side is on the right. The apical plate (ap), spacious blastocoels (bl), dorsal precursor of posterior mesoderm (pc3), and ventral precursor of protonepridium (ppn) are evident; B a 6-day-old larva; a dorsal view showing the stomach (st), midgut (mg), proctodaeum (pr), right protonephridium (pn), and the precursor of the posterior mesoderm (pc3), which surrounds the proctodaeum; C a 9-day-old larva; a lateral view showing the stomach (st), midgut (mg), proctodaeum (pr), and border of the trunk coelom (bc3); D the same larva, dorsal view. The same parts of digestive tract (stomach, midgut, and proctodaeum), paired protonephridia (pn), and trunk coelom (bc3) are indicated. Scale bar 20 µm.
Ðèñ. 6. Ðàçâèòèå òóëîâèùíîãî öåëîìà ó Phoronopsis harmeri. Ôîòîãðàôèè aeèâûõ ëè÷èíîê, ñâåòîâàÿ ìèêðîñêîïèÿ.
A ïîçäíÿ ãàñòðóëà, âèä ñáîêó, âåíòðàëüíàÿ ñòîðîíà ñïðàâà. Îáîçíà÷åíû àïèêàëüíàÿ ïëàñòèíêà (ap), îáøèðíûé áëàñòîöåëü (bl), äîðñàëüíûé çà÷àòîê çàäíåé ìåçîäåðìû (pc3) è âåíòðàëüíûé çà÷àòîê ïðîòîíåôðèäèåâ (ppn), B øåñòèäíåâíàÿ ëè÷èíêà, âèä ñçàäè. Ïîêàçàíû: aeåëóäîê (st), ñðåäíÿÿ êèøêà (mg), çàäíÿÿ êèøêà (pr), ïðàâûé ïðîòîíåôðèäèé (pn) è çà÷àòîê çàäíåé ìåçîäåðìû (pc3), êîòîðûé îêðóaeàåò çàäíþþ êèøêó; C äåâÿòèäíåâíàÿ ëè÷èíêà; âèä ñáîêó, ïîêàçíû aeåëóäîê (st), ñðåäíÿÿ êèøêà (mg), çàäíÿÿ êèøêà (pr) è ãðàíèöà òóëîâèùíîãî öåëîìà (bc3); D òà aeå ëè÷èíêà, âèä ñçàäè. Îòìå÷åíû òå aeå ÷àñòè ïèùåâàðèòåëüíîãî òðàêòà (aeåëóäîê, ñðåäíÿÿ êèøêà, çàäíÿÿ êèøêà), ïàðíûå ïðîòîíåôðèäèè (pn) è òóëîâèùíûé öåëîì (bc3). Ìàñøòàá 20 ìêì. Fig. 7 . Organization of the epidermis in the preactinotrocha (AC) and in the 13-day-old actinotrocha (D I) of Phoronopsis harmeri.
A sagittal semi-thin section of preactinotrocha showing the general anatomy: apical plate (ap), mouth (m), stomach (st), midgut (mg), oral field (of), and posterior ectodermal invagination (ei) opposite the midgut; B fine structure of the dorsal side of the epidermis. Longitudinal section showing round nucleus (n) with nucleolus, branched microvilli (mi), vacuoles with transparent content (lv), and electron-dense granules (dg); C fine structure of the epidermis of the oral field showing elongated nuclei (n), vacuoles with transparent content (lv), and electron-dense granules (dg); D sagittal semi-thin section of the 13-day-old actinotrocha showing the general anatomy and difference in organization of epidermis between different body parts, including the apical plate (ap), preoral coelom (c1), preoral ciliated band (pcb), esophagus (eso), stomach (st), midgut (mg), proctodaeum (pr), oral field (of), spacious blastocoel (bl), trunk coelom (c3), tentacle (t), and telotroch (tt); E details of the fine structure of the preoral ciliated band epidermis showing the presence of longitudinal filaments (arrowheads), which run along the nucleus (n); F the portion of the telotroch epidermis with long cilia (c), long striated rootlet (sr), and free apical parts of cells (apc); G laterofrontal cells in the postoral ciliated band. The larva was stained with phalloidin (actin filaments appear gray) and hoechst (nuclei glow) and analysed by Amira ver. 5.2.2. A 3D-reconstruction showing actin microfilaments in microvilli (mm) above apical cell borders, which are also stained because contain microfilaments (mcb) along apical perimeter, and microfilaments in the cytoplasm (mc) around the nucleus (n); H apical parts of cells of the oral field epidermis. Microvilli (mi) and apical net of microfilaments (arrowheads) are indicated; I fine structure of the dorsal side epidermis, which is formed by flat cells with microvilli (mi) and irregular nuclei (n) and which are underlain by muscles cells (mc) of the blastocoel (bl). Scale bars: A 5 µm; B, E, F, H, I 2 µm; C 1 µm; D 50 µm; G 4 µm. Ðèñ. 7. Îðãàíèçàöèÿ ýïèäåðìèñà ïðåàêòèíîòðîõè (AC) è 13-äíåâíîé ëè÷èíêè (DI) Phoronopsis harmeri.
A ñàãèòòàëüíûé ïîëóòîíêèé ñðåç ïðåàêòèíîòðîõè, ïîêàçûâàþùèé îáùóþ àíàòîìèþ: àïèêàëüíàÿ ïëàñòèíêà (ap), ðîò (m), aeåëóäîê (st), ñðåäíÿÿ êèøêà (mg), îðàëüíîå ïîëå (of) è çàäíåå ýêòîäåðìàëüíîå âïÿ÷èâàíèå (ei) íàïðîòèâ ñðåäíåé êèøêè; B óëüòðàñòðóêòóðà ýïèäåðìèñà äîðñàëüíîé ñòîðîíû òåëà, ïðîäîëüíûé ñðåç. Ïîêàçàíû îêðóãëîå ÿäðî (n) ñ ÿäðûøêîì, âåòâÿùèåñÿ ìèêðîâèëëè (mi), âàêóîëè ñ ïðîçðà÷íûì ñîäåðaeèìûì (lv) è ýëåêòðîííî-ïëîòíûå ãðàíóëû (dg); C óëüòðàñòðóêòóðà ýïèäåðìèñà îðàëüíîãî ïîëÿ; ïîêàçûí âûòÿíóòîå ÿäðî (n), âàêóîëè ñ ïðîçðà÷íûì ñîäåðaeèìûì (lv) è ýëåêòðîííî-ïëîòíûå ãðàíóëû (dg); D ñàãèòòàëüíûé ïîëóòîíêèé ñðåç 13-äíåâíîé àêòèíîòðîõè, ïîêàçàíà îáùàÿ àíàòîìèÿ è âèäíû ðàçëè÷èÿ â îðãàíèçàöèè ýïèäåðìèñà ðàçíûõ ó÷àñòêîâ òåëà. Íà ñðåçå îáîçíà÷åíû: àïèêàëüíàÿ ïëàñòèíêà (ap), ïðåîðàëüíûé öåëîì (c1), ïðåäðîòîâîé ðåñíè÷íûé øíóð (pcb), ïèùåâîä (eso), aeåëóäîê (st), ñðåäíÿÿ êèøêà (mg), çàäíÿÿ êèøêà (pr), îðàëüíîå ïîëå (of), îáøèðíûé áëàñòîöåëü (bl), òóëîâèùíûé öåëîì (c3), ùóïàëüöå (t) è òåëîòðîõ (tt); E äåòàëè óëüòðàñòðóêòóðíîé îðãàíèçàöèè ýïèäåðìèñà ïðåîðàëüíîãî ðåñíè÷íîãî øíóðà. Íàêîíå÷íèêàìè óêàçàíû ïðîäîëüíûå ôèëàìåíòû, ïðîõîäÿùèå âäîëü âûòÿíóòîãî ÿäðà (n); F ó÷àñòîê ýïèäåðìèñà òåëîòðîõà ñ äëèííûìè aeãóòèêàìè (c), äëèííûìè èñ÷åð÷åííûìè êîðåøêàìè (sr) è ñâîáîäíûìè àïèêàëüíûìè ó÷àñòêàìè êëåòîê (apc); G ëàòåðîôðîíòàëüíûå êëåòêè ïîñòîðàëüíîãî ðåñíè÷íîãî øíóðà. Ëè÷èíêà îêðàøåíà ôàëëîèäèíîì (àêòèíîâûå ôèëàìåíòû ñåðûå) è õ¸êñòîì (ÿäðà îðàíaeåâûå), ðåêîíñòðóêöèÿ ïðîâåäåíà â ïðîãðàììå Amira âåð. 5.2.2. 3D-ðåêîíñòðóêöèÿ ïîêàçûâàåò àêòèíîâûå ìèêðîôèëàìåíòû â ìèêðîâèëëÿõ (mm) íàä àïèêàëüíîé ïîâåðõíîñòüþ, êîòîðàÿ òàê aeå îêðàøèâàåòñÿ ôàëëîèäèíîì, ïîñêîëüêó â öèòîïëàçìå ïî ïåðèìåòðó êëåòêè ïðîõîäèò àêòèíîâûå ìèêðîôèëàìåíòû (mcb), è ìèêðîôèëàìåíòû â öèòîïëàçìå (mc), ïðîõîäÿùèå ïó÷êàìè âäîëü ÿäðà (n); H àïèêàëüíûå ÷àñòè êëåòîê ýïèäåðìèñà îðàëüíîãî ïîëÿ; ïîêàçàíû ìèêðîâèëëè (mi) è àïèêàëüíàÿ ñåòü ìèêðîôèëàìåíòîâ (óêàçàíû íàêîíå÷íèêàìè); I òîíêîå ñòðîåíèå ýïèäåðìèñà äîðñàëüíîé ñòîðîíû òåëà, êîòîðûé îáðàçîâàí óïëîùåííûìè êëåòêàìè ñ ìèêðîâèëëÿìè (mi) è íåïðàâèëüíîé ôîðìû ÿäðàìè (n) è ñî ñòîðîíû áëàñòîöåëÿ (bl) ïîäîñòëàíû ìûøå÷íûìè êëåòêàìè (mc). Ìàñøòàá: A 5 ìêì; B, E, F, H, I 2 ìêì; C 1 ìêì; D 50 ìêì; G 4 ìêì.
several thin neuritis and connect to each other via dorsal commissure. These dorso-lateral branches fuse on the ventral side and form several loops into each tentacle. In addition to the two main serotonergic neurite bundles in Ph. harmeri, there are weak neurite bundles along the edge of the preoral lobe, a thick neurite bundles around the anus, and a nerve ring around the esophagus and cardiac sphincter. At some stage of development, unusual nerve elements are evident in Ph. harmeri larva. Thus, 6-dayold larvae have a ventral nerve cord, which extends from the oral nerve ring to the tentacular neurite bundle. The cord is composed of two longitudinal ventro-lateral nerves with paired bipolar perikarya and thin commissures between them (see Temereva, 2012) .
The FMRFamide-reactive nervous system appears at later stages than the serotonergic nervous system. At early stages, FMRFamide- Fig. 8 . Organization of the nervous system at different stage of Phoronopsis harmeri development. AH 3D-reconstructions made with Amira ver. 5.2.2. The anterior pole is oriented vertically. AD organization of the 5HT nervous system at different stages. EH organization of the FMRFamide nervous system at different stages. Color: yellow apical organ; pink tentacular neurite bundle; light green telotroch neurite bundles; dark green net around the proctodaeum; cyan ventral nerve cord; pale blue oral nerve ring; dark blue marginal neurite bundle of the preoral lobe edge, two pairs of ventro-lateral neurites of the oral field, the upper ventro-lateral perikarya, and the lower ventro-lateral perikarya; brown trunk neurites; magenta neurites and perikarya of the preoral lobe; orange large neuron near the mouth; grey/ white muscular system and all actin-containing structures (parietal cytoplasm, microvilli, etc.). I, J ultrastructure of the apical plate, sagittal sections.
A frontal view of the middle gastrula indicating cells (ic) that migrated from the archenteron (ar) and the mouth (m); B organization of the apical organ in an advanced larva showing the monopolar perikarya (mo gold), left (lg) and right (rg) groups of bipolar or multipolar perikarya (light blue), which give rise two branches of the tentacular nerve (pink), view from below; C the organization of the 5HT nervous system in a 6-day-old larva, ventro-lateral view. A weak signal is evident around the proctodaeum (dark green) and along the edge of the preoral lobe (dark blue). Numerous perikarya are located along the ventral side of the oral field; D lateral view of a 24-day-old larva with the preoral lobe (pl), strong muscles of esophagus (me), and dorsal commissure (dc) between two branches of the tentacular nerve; E lateral view of later gastrula stage with the FMRFamide-reactive neuropil (np), cells (ic) derived from anterior mesoderm, and the mouth (m); F ventro-lateral view of a young actinotrocha with first FMRFamidereactive perikarya (fp), mouth (m), and tentacular ridge (tr); G ventral view of a 6-day-old larva; the upper (up) and lower (lp) perikarya of ventro-lateral nerves are indicated; H ventro-lateral view of a 24-day-old larva; I epidermis of apical plate in the later gastrula stage: the cells have the same fine structure; some of them contain synaptic vesicles (sv). Epidermis is underlined by mesodermal cells (mc); J epidermis of the apical plate in a 6day-old larva: the cells have a different fine structure. Monopolar perikarya (mo), bipolar or multipolar perikarya (bp), the neuropil (np), epidermal cells (ec), and mesodermal cells (mc) are evident. The flask-shape perikaryon is indicated by arrowheads. Scale bars: I 2 µm; J 2.5 µm.
Ðèñ. 8. Îðãàíèçàöèÿ íåðâíîé ñèñòåìû íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ Phoronopsis harmeri. AH 3Dðåêîíñòðóêöèè, ñäåëàííûå â ïðîãðàììå Amira âåð. 5.2.2. Ïåðåäíèé êîíåö òåëà ñòîðîãî ñâåðõó. A D îðãàíèçàöèÿ ñåðîòîíèíýðãè÷åñêîé íåðâíîé ñèñòåìû íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ. EH îðãàíèçàöèÿ FMRFàìèäýðãè÷åñêîé íåðâíîé ñèñòåìû íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ. Öâåòàìè îáîçíà÷åíû: aeåëòûé àïèêàëüíûé îðãàí; ðîçîâûé ùóïàëüöåâûé íåðâ; ñâåòëî-çåëåíûé íåðâû òåëîòðîõà; òåìíî-çåëåíûé íåðâíàÿ ñåòü âîêðóã çàäíåé êèøêè; ãîëóáîé âåíòðàëüíûé íåðâíûé ñòâîë; òåìíî-ñèíèe ìàðãèíàëüíûé íåðâ ïðåîðàëüíîé ëîïàñòè, äâå ïàðû âåíòðî-ëàòåðàëüíûõ íåðâîâ îðàëüíîãî ïîëÿ, ãðóïïû âåðõíèõ è íèaeíèõ âåíòðî-ëàòåðàëüíûõ ïåðèêàðèåâ; êîðè÷íåâûé íåðâû òåëîâèùà (ãèïîñôåðû); ïóðïóðíûé îòðîñòêè è òåëà íåðâíûõ êëåòîê ïðåîðàëüíîé ëîïàñòè; îðàíaeåâûé íåéðîíû ñ îáåèõ ñòîðîí îòî ðòà; ñåðûé/áåëûé ìûøå÷íàÿ ñèñòåìû è âñå àêòèíñîäåðaeàùèå ñòðóêòóðû (ïàðèåòàëüíàÿ öèòîïëàçìà êëåòîê, ìèêðîâîðñèíêè è ò.ä.). I, J óëüòðàñòðóêòóðà àïèêàëüíîé ïëàñòèíêè; ñàãèòòàëüíûå ñðåçû.
A ñðåäíÿÿ ãàñòðóëà, âèä ñïåðåäè, ïîêàçàíû êëåòêè (ic), èììèãðèðîâàâøèå èç ñòåíêè àðõåíòåðîíà, è ðîò (m); B îðãàíèçàöèÿ àïèêàëüíîãî îðãàíà ó ïîçäíåé ëè÷èíêè; âèä ñíèçó.Ïîêàçàíû ìîíîïîëÿðíûå ïåðèêàðèè (mo) è íåéðîïèëü, îáðàçîâàííûé èõ îòðîñòêàìè (ïîêàçàíû çîëîòûì öâåòîì), à òàê aeå ëåâàÿ (lg) è ïðàâàÿ (rg) ãðóïïû áèïîëÿðíûõ èëè ìóëüòèïîëÿðíûõ ïåðèêàðèåâ (ñâåòëî-ãîëóáîé), êîòîðûå äàþò íà÷àëî äâóì äîðñàëüíûì âåòâÿì ùóïàëüöåâîãî íåðâà (ðîçîâûé); C îðãàíèçàöèÿ ñåðîòîíèíýðãè÷åñêîé íåðâíîé ñèñòåìû ó 6-äíåâíîé ëè÷èíêè; âåíòðî-ëàòåðàëüíî. Ñëàáûé ñèãíàë ðàçëè÷èì âîêðóã çàäíåé êèøêè (òåìíî-çåëåíûé) è âäîëü êðàÿ ïðåîðàëüíîé ëîïàñòè (ïîêàçàí òåìíî-ñèíèì). Ìíîãî÷èñëåííûå ïåðèêàðèè ðàñïîëàãàþòñÿ âäîëü âåíòðàëüíîé ñòîðîíû îðàëüíîãî ïîëÿ; D âèä ñáîêó íà 24-äíåâíóþ ëè÷èíêó ñ ïðåîðàëüíîé ëîïàñòüþ (pl), ìîùíî ðàçâèòûìè ìûøöàìè ïèùåâîäà (me) è äîðñàëüíîé êîìèññóðîé (dc) ìåaeäó äâóìÿ âåòâÿìè ùóïàëüöåâîãî íåðâà; E ïîçäíÿÿ ãàñòðóëà, âèä ñáîêó. Îáîçíà÷åíû FMRMFàìèäýðãè÷åñêèé íåéðîïèëü (np), êëåòêè (ic), âûñåëèâøèåñÿ èç ñòåíêè àðõåíòåðîíà è ðîò (m); F ìîëîäàÿ àêòèíîòðîõà âåíòðî-ëàòåðàëüíî ñ ïåðâûìè FMRFàìèäýðãè÷åñêèìè ïåðèêàðèÿìè (fp), ðòîì (m) è ùóïàëüöåâûì âàëèêîì (tr); G 6-äíåâíàÿ ëè÷èíêà, âèä ñïåðåäè, îáîçíà÷åíû âåðõíèå (up) è íèaeíèå (lp) ïåðèêàðèè âåíòðî-ëàòåðàëüíûõ íåðâîâ îðàëüíîãî ïîëÿ; I ýïèäåðìèñ àïèêàëüíîé ïëàñòèíêè ó ïîçäíåé ãàñòðóëû: âñå êëåòêè èìåþò áîëåå ìåíåå ñõîäíóþ îðãàíèçàöèþ, â íåêîòîðûõ èç íèõ îáíàðóaeèâàþòñÿ ñèíàïòè÷åñêèå ïóçûðüêè (sv). Ýïèäåðìèñ ïîäîñòëàí ñëîåì ìåçîäåðìàëüíûõ êëåòîê (mc); J ýïèäåðìèñ àïèêàëüíîé ïëàñòèíêè ó 6-äíåâíîé ëè÷èíêè: êëåòêè èìåþò ðàçíîå òîíêîå ñòðîåíèå. Ïîêàçàíû ìîíîïîëÿðíûå ïåðèêàðèè (mo), áèïîëÿðíûå èëè ìóëüòèïîëÿðíûå ïåðèêàðèè (bp), íåéðîïèëü (np), ýïèäåðìàëüíûå êëåòêè (ec) è ìåçîäåðìàëüíûå êëåòêè (mc). Ïåðèêàðèé, èìåþùèé ôîðìó êîëáû, îáîçíà÷åí íàêîíå÷íèêàìè. Ìàñøòàá: I 2 ìêì; J 2,5 ìêì. reactive neuritis is evident in the epidermis of the apical plate. Then first FMRFamide-reactive perikarya originate on the dorso-lateral sides of the preoral lobe near the apical plate. Then these perikarya disappear in Ph. vancouverensis (Hay-Schmidt, 1990a ) and increase in number in Ph. harmeri (own data). According to Hay-Schmidt (1990a) , older Ph. vancouverensis larvae lack FMRFamide-reactive perikarya, and the FMRFamide nervous system consists of the central neuropil and several nerves (neurite bundles): the median processes, posterolateral processes, the two bundles of the preoral lobe margin processes, the minor nerve ring, major nerves of collar region, and the posterior nerve ring around the anus.
All these neurite bundles were found in Ph. harmeri larvae during our investigation. According to our data, however, Ph. harmeri larvae have numerous FMRFamide-reactive perikarya in the apical organ, in the epidermis of the preoral lobe, in the epidermis of the ventral and ventro-lateral sides of the oral field (collar region), and in the epithelium of the esophagus and the midgut. In the apical organ of older larvae, FMRFamide-reactive perikarya form two dorso-lateral groups of monopolar and multi-or bipolar neurons. Perikarya scattered in the epithelium of the preoral lobe and their processes contact with the marginal nerve of the preoral lobe and with the apical organ. In the epithelium of the esophagus, perikarya are located in the dorsal wall and form circular processes, which extend around the esophagus and cardiac sphincter. In the midgut, about 10 perikarya form a nerve ring near the pyloric sphincter. In the epidermis of the oral field, perikarya form five groups: upper left and right, lower left and right, and medioventral. The last is the most interesting because it has not been described before. Six-day-old larvae have a medioventral nerve cord, which extends from the oral nerve ring to the tentacular neurite bundle. The cord is composed of six bipolar perikarya, which are connected each other via thin longitudinal neurites (see Temereva, 2012) . Nine-day-old larvae have two ventro-lateral nerves containing paired perikarya that are connected by thin commissures.
The ultrastructure of the nerve cells changes greatly during development. In later gastrula stages, the nerve cells of the apical organ resemble the common epidermal cells of the apical plate (Fig. 9I) . The size and shape of the cell body and nucleus are similar for both kinds of cells. The main difference is that the cytoplasm rarely contains synaptic vesicles in nerve cells but never contains synaptic vesicles in epidermal cells (Fig. 9I) . In 6-day-old larvae, the apical plate is composed of common epidermal cells and specialized perikarya (Fig. 9J ). Neurites form a large neuropile under the cell bodies.
As shown before (see Hay-Schmidt, 1990; Santagata, 2004) , in actinotrochs, the apical organ is composed of several types of perikarya (Fig. 9A) . First, the apical plate contains a row of cells that are located along the anterior edge of the apical plate and in a horseshoe-shaped pattern. These cells have long, thick microvilli, which contain actin filaments that are stained by phalloidin. Long, thick microvilli are characteristic of the sensory cells of tentacles, and we can conclude that the cells of the apical plate are also sensory. These are ciliate cells, and they contain at least one striated rootlet, which passes near the nucleus (Fig. 9B) . A round nucleus is situated basally and has light karyoplasm. Second, monociliated epithelial cells are located in the center of the apical plate above the neuropil (Fig. 9C) . These cells have a wide apical part, which contains an elongate nucleus, and a thin and long basal part axon. Third, the apical plate contains two groups of perikarya, one in the upper portion and the other in the basal portion (Fig. 9D) . A layer of neurites separates these two groups of perikarya (Fig.  9D) . The apical borders of the first group of perikarya (probably monopolar) bear thin microvilli and are in contact with the surrounding medium. The perikarya of the second group (probably bipolar or multipolar) rest on the basal lamina and contact the coelothelial cells of the preoral coelom; they do not have microvilli and do not contact the surrounding medium, even though the basal apparatus of the cilium occurs near the nucleus. This apparatus contains two centrioles, a striated rootlet, and an adjacent Golgi apparatus (Fig. 9E) . The presence of the basal apparatus of the cilium is the evidence of appearance of perikarya of the second group from ciliate perykaria of first group during their plunge into the epidermis of the apical plate (our unpublished data). The neuropil of the apical organ is composed of numerous neurites, which contain various kinds of synaptic vesicles (Fig.  9C ). Large neurites have less dense cytoplasm than small neurites. Marginal nerves of the preoral lobe pass between the basal parts of the epidermal cells of the preoral ciliated band. TEM reveals three bundles of neurites, which are separated by thin basal processes of epidermal cells (Fig. 9F) . The median nerve passes between the apical organ and the marginal nerve. As shown by CLSM on early larvae, the middle part of the median nerve forms a bulge, which corresponds to the frontal organ of the older larva. This bulge, which is also revealed by TEM (Fig. 9G) , resembles a large bundle of neurites, which rest on the basal lamina and are bordered by the thin epidermis of the preoral lobe. The tentacular nerve is located at the base of tentacular ridge. The neurites of the tentacular nerve pass near sensory cells, which bear long, thick microvilli (Fig. 9H ). On its basal side, the tentacular nerve borders the basal lamina and contacts the circular muscle of the tentacles. Large perikarya and neurites occur in the epidermis of the esophagus (Fig. 9I) . These neurons form the oral nerve ring. Most of these neurons are monopolar. Within each neuron, a roundish nucleus is situated basally and contains a nucleolus (Fig. 9I) . The cytoplasm of these neurons contains numerous vesicles and appears less dense than the cytoplasm of adjacent cells. Neurites contact the basal lamina. Some neurites are very large (600700 nm in diameter). The cytoplasm of neurites contains many synaptic vesicles of the first kind and few dense core vesicles. Perikarya and neurites are present on the epithelium of the cardiac sphincter. These neurites are up to 1 µm in diameter. In the midgut, there are many basal neurites, which contain many kinds of synaptic vesicles (Fig.  9J ). We did not find any cell bodies that could be regarded as perikarya. The epithelium of the proctodaeum is formed by cells that also contain many different kinds of vesicles (Fig. 9K) . The nature of these vesicles is unknown, but their position in the apical cytoplasm and the CLSM data (the presence of signal in the apical portion of the proctodaeim epithelium) suggest that these vesicles may contain neurotransmitters. In addition, the basal processes occur near the basal lamina of the proctodaeum (Fig. 9L) . These processes contain vesicles with electron dense material and are in close contact with the coelothelial cells of the trunk coelom.
According to our data, Ph. harmeri at early stages of development has a more complicated nervous system than other phoronid species. The presence of the ventral nerve cord is the most interesting feature of nervous system organization in Ph. harmeri and may reflect some evolutionary steps in the formation of the phoronid nervous system (Temereva, 2012) . In phoronid larvae, the ventral nerve cord exhibits metamery because it is composed of repetitive perikarya and commissures. Phoronids may have inherited this nerve cord from an ancestor that is common to all bilaterian animals and that had a metameric organization. The presence of the metameric nerve cord supports the idea of metamery in phoronids (see Temereva, Malakhov, 2011b) 
Excretory system
The development and anatomy of the phoronid excretory system was reported in our previous work with Ph. harmeri larvae (Temereva, Malakhov, 2006c) .
In Ph. harmeri, protonephridia appear in preactinotrocha as an unpaired ectodermal invagination, which is located in front of the anus and intestine (Fig. 10A) . The protonephridial channels can be recognized by CLSM because the epithelium of the channel forms numerous long microvilli that contain actin fibres that can be stained by phalloidin (Fig. 10DG ). In early larval stages, the protonephridial complex consists of a large base and two branches (left and right), each of which bears one group of terminal cells (Fig. 10B, D) . Each branch extends A general view of apical organ on parasagittal section, anterior point of preoral lobe is to the right, dorsal body side is to the left; apical point is at the top. The neuropil (np) occupies most of the apical organ; perikarya form two groups: upper (mo) and lower (bp). Sensory cells (sc) are located anteriorly; unspecialized epidermal cells (ec) are situated dorsally. Coelothelial cells (ct) of preoral coelom (c1) lay under neuropil and lower group of perikarya. Spacious blastocoel (bl) is located anteriorly; B organization of sensory cell of apical organ showing thick microvilli (tmi), roundish nucleus (n), striated rootlet (arrowhead), and one perikaryon from lower group (bp). Anterior point of preoral lobe is to the right; dorsal body side is to the left; apical point is at the top; C neuropil of apical organ consists of nerve fibers with large (lf) and small (sf) diameters. Top of neuropil is covered by epidermal cells (ec), and the bottom is covered by coelothelial cells (ct); D anterior portion of apical organ, anterior point of preoral lobe is to the right, dorsal body side is to the upper left, apical point is at the top. Upper (mo) and lower (bp) groups of perikarya are separated by a layer of neurites (ln). Basal body in perikaryon from lower group is indicated by arrowhead. Micrograph also shows part of neuropil (np) with large (lf) and small (sf) neurites, epidermal cell (ec), preoral coelom (c1) with lining (ct), and blastocoel (bl); E basal apparatus (arrowhead) of rudimentary cilium, Golgy apparatus (G), and part of nucleus (n) in cytoplasm of pericaryon from lower group; F sagittal section of the preoral lobe edge with ciliate cells of preoral ciliated band (pcb), muscle cells (mc), and three bundles of neurites (arrowheads). Anterior point is to the right; dorsal side is to the left; G part of median nerve of preoral lobe. Concentration of neurites (nf) surrounded by basal lamina of blastocoels (bl) and epidermal cells (ec) with microvilli (mi) and cilia (c). Anterior point is to the right; dorsal side is to the left; H portion of tentacular nerve: bundle of neurites (nf) in contact with basal lamina (ba) and muscle cells (mc), and located near sensory cell, which is characterized by presence of thick microvilli (tmi), several striated rootlets (arrowheads), and denser karyoplasm of nucleus (n). Anterior pole of larva is to the left, and posterior pole is to the right; I perikaryon (pe) in epithelium of esophagus has synaptic vesicles (arrowheads) and basal processes (nf), which spread on the basal lamina (ba) and underlined by muscle cells (mc). Cardiac sphincter is to the right, vestibulum is to the upper left; J nervous fiber (arrowheads) in the basal part of epithelium (ec) of the midgut; K part of proctodaeum wall and portion of trunk coelom (c3) with coelothelial cells (ct). Arrowheads are indicate vesicles, which look like synaptic vesicles. Midgut is to the upper left, anus is to the right; L basal parts of proctodaeum wall (pr) with basal process (arrowheads), which contain vesicles, underlined by basal lamina of blastocoels (bl), and contact coelothelial cells (ct) of trunk coelom. Scale bars: A 10 µm; B, C, H 1.25 µm; D 2.5 µm; E 0.5 µm; F, G, I, K, L 2 µm; J 1 µm.
Ðèñ. 9. Óëüòðàñòðóêòóðà íåêîòîðûõ ýëåìåíòîâ íåðâíîé ñèñòåìû ó 13-äíåâíîé ëè÷èíêè Phoronopsis harmeri, ïðîäîëüíûå ñðåçû.
A îáùèé âèä àïèêàëüíîãî îðãàíà íà ïàðñàãèòòàëüíîì ñðåçå, ïåðåäíèé êðàé ïðåîðàëüíîé ëîïàñòè ñïðàâà, äîðñàëüíàÿ ñòîðîíà òåëà ñëåâà. Íåéðîïèëü (np) çàíèìàåò áîëüøèé îáúåì àïèêàëüíîãî îðãàíà; ïåðèêàðèè ôîðìèðóþ äâå ãðóïïû: âåðõíþþ (pe1) è íèaeíþþ (pe2). ×óâñòâèòåëüíûå êëåòêè (sc) ðàñïîëàãàþòñÿ âïåðåäè, íåñïåöèàëèçèðîâàííûå ýïèäåðìàëüíûå êëåòêè (ec) ñçàäè. Êëåòêè âûñòèëêè (ct) ïðåäðîòîâîãî öåëîìà (c1) ëåaeàò ïîä íåéðîïèëåì è íèaeíåé ãðóïïîé ïåðèêàðèåâ. Îáøèðíûé áëàñòîöåëü (bl) çàíèìàåò ïðîñòðàíñòâî ñïåðåäè; B îðãàíèçàöèÿ ÷óâñòâèòåëüíîé êëåòêè àïèêàëüíîãî îðãàíà; ïîêàçàíû òîëñòûå ìèêðîâîðñèíêè (tmi), îêðóãëîå ÿäðî (n), èñ÷åð÷åííûé êîðåøîê (óêàçàí íàêîíå÷íèêàìè) è îäèí ïåðèêàðèîí èç íèaeíåé ãðóïïû (pe2); C íåéðîïèëü àïèêàëüíîãî îðãàíà îáðàçîâàí íåðâíûìè âîëîêíàìè áîëüøîãî (lf) è ìàëåíüêîãî (sf) äèàìåòðîâ. Ñ âåðõíåé ñòîðîíû íåéðîïèëü ïîêðûò ýïèäåðìàëüíûìè êëåòêàìè (ec), à ñ íèaeíåé ïîäîñòëàí öåëîòåëèàëüíûìè êëåòêàìè (ct); D ïåðåäíÿÿ ÷àñòü àïèêàëüíîãî îðãàíà. Âåðõíÿÿ (pe1) è íèaeíÿÿ (pe2) ãðóïïû ïåðèêàðèåâ ðàçäåëåíû ñëîåì íåðâíûõ âîëîêîí (ln). Áàçàëüíîå òåëî â öèòîïëàçìå ïåðèêàðèîíà íèaeíåé ãðóïïû óêàçàíî íàêîíå÷íèêîì. Íà ìèêðîôîòîãðàôèè òàê aeå îáîçíà÷åíû: ÷àñòü íåéðîïèëÿ (np) ñ íåðâíûìè âîëîêíàìè áîëüøîãî (lf) è ìàëåíüêîãî (sf) äèàìåòðîâ, ýïèäåðìàëüíûå êëåòêè (ec), ïðåäðîòîâîé öåëîì (c1) è êëåòêè âûñòèëêè (ct) è áëàñòîöåëü (bl); E ó÷àñòîê öèòîïëàçìû ïåðèêàðèîíà íèaeíåé ãðóïïû. Ïîêàçàíû: áàçàëüíîå òåëüöå (íàêîíå÷íèê) ðóäèìåíòàðíîãî aeãóòèêà, àïïàðàò Ãîëüäaeè (G) è ÷àñòü ÿäðà (n); F ñàãèòòàëüíûé ñðåç êðàÿ ïðåîðàëüíîé ëîïàñòè ñî aeãóòèêîâûìè êëåòêàìè ïðåîðàëüíîãî ðåñíè÷íîãî øíóðà (pcb), ìûøå÷íûìè êëåòêàìè (mc) è òðåìÿ ïó÷êàìè íåðâíûõ âîëîêîí (óêàçàíû íàêîíå÷íèêàìè); G ÷àñòü ìåäèàëüíîãî íåðâà ïðåîðàëüíîé ëîïàñòè: ñêîïëåíèå íåðâíûõ âîëîêîí (nf) îêðóaeåíî áàçàëüíîé ïëàñòèíêîé áëàñòîöåëÿ (bl) è ýïèäåðìàëüíûìè êëåòêàìè (ec) ñ ìèêðîâîðñèíêàìè (mi) è aeãóòèêàìè (c); H ó÷àñòîê ùóïàëüöåâîãî íåðâà: ïó÷îê íåðâíûõ îòðîñòêîâ, êîíòàêòèðóþùèå ñ áàçàëüíîé ïëàñòèíêîé (ba) è ìûøå÷íûìè êëåòêàìè (mc)è ïðîõîäÿùèé ðÿäîì ñ ñåíñîðíûìè êëåòêàìè, êîòîðûå õàðàêòåðèçóþòñÿ íàëè÷èåì òîëñòûõ ìèêðîâîðñèíîê (tmi), íåñêîëüêèõ èñ÷åð÷åííûõ êîðåøêîâ (óêàçàíû íàêîíå÷íèêàìè) è ïëîòíîé êàðèîïëàçìîé ÿäðà (n); I ïåðèêàðèîí (pe) â ýïèòåëèè ïèùåâîäà ñîäåðaeèò ñèíàïòè÷åñêèå ïóçûðüêè (óêàçàíû íàêîíå÷íèêàìè) è èìååò áàçàëüíûå îòðîñòêè (nf), ðàñïëàñòàííûå ïî áàçàëüíîé ïëàñòèíêå (ba), ê êîòîðîé ñ äðóãîé ñòîðîíû ïðèëåaeàò ìûøå÷íûå êëåòêè (mc). Êàðäèàëüíûé ñôèíêòåð ñïðàâà, âåñòèáóëþì ñâåðõó; J íåðâíûå âîëîêíà (óêàçàíû íàêîíå÷íèêàìè) â áàçàëüíîé ÷àñòè ýïèòåëèÿ ñðåäíåé êèøêè; K ó÷àñòîê ýïèòåëèÿ çàäíåé êèøêè è ó÷àñòêà òóëîâèùíîãî öåëîìà (c3) è åãî âûñòèëêè (ct). Íàêîíå÷íèêàìè óêàçàíû âåçèêóëû, êîòîðûå âûãëÿäÿò ñõîäíî ñ ñèíàïòè÷åñêèìè ïóçûðüêàìè. Ñðåäíÿÿ êèøêà â âåðõíåì ëåâîì óãëó, àíóñ ñïðàâà; L áàçàëüíàÿ ÷àñòü ñòåíêè çàäíåé êèøêè (pr) ñ áàçàëüíûìè îòðîñòêàìè (óêàçàíû íàêîíå÷íèêàìè), êîòîðûå ñîäåðaeàò âåçèêóëû, ïîäîñòëàíû áàçàëüíîé ïëàñòèíêîé áëàñòîöåëÿ (bl) è êîíòàêòèðóþò ñ öåëîòåëèàëüíûìè êëåòêàìè (ct) òóëîâèùíîãî öåëîìà. Ìàñøòàá: A 10 ìêì; B, C, H 1,25 ìêì; D 2,5 ìêì; E 0,5 ìêì; F, G, I, K, L 2 ìêì; J 1 ìêì. along the lateral body walls and skirts the intestine (Fig. 10E) . In 3-day-old larvae, the base of the protonephridial complex becomes thinner (Fig. 10E) , and the left and right pritonephridia start to separate (Fig. 10F) . In 5-day-old larvae, each protonephridium consists of a straight channel and 1520 terminal cells (Fig. 10C) . In more advanced larvae, the straight channel curves Ðèñ. 10. Ðàçâèòèå è îðãàíèçàöèÿ ïðîòîíåôðèäèåâ ó ëè÷èíêè Phoronopsis harmeri. AC ôîòîãðàôèè aeèâûõ ëè÷èíîê; DF 3D-ðåêîíñòðóêöèè, ñäåëàííûå â ïðîãðàììå Amira âåð. 5.2.2. Ïåðåäíèé êîíåö òåëà aeèâîòíûõ îðèåíòèðîâàí ñòðîãî ââåðõ. Ïðîòîíåôðèäèè îáîçíà÷åíû çåëåíûì öâåòîì, êèøå÷íèê aeåëòûì, ìûøöû è àêòèíñîäåðaeàùèå ñòðóêòóðû ñåðûì; GK òðàíñìèññèîííàÿ ýëåêòðîííàÿ ìèêðîñêîïèÿ (TEM), ìèêðîôîòîãðàôèè; ïðîäîëüíûå ñðåçû; äåñìîñîìû óêàçàíû ïðÿìûìè íàêîíå÷íèêàìè; ýëåêòðîííî-ïëîòíûå êîíòàêòû óêàçàíû âîãíóòûìè íàêîíå÷íèêàìè.
A ïðåàêòèíîòðîõà ñ âåíòðàëüíûì íåïàðíûì ýêòîäåðìàëüíûì çà÷àòêîì ïðîòîíåôðèäèåâ (ppn); âèä ñáîêó; B ðàííÿÿ ëè÷èíêà (âèä ñáîêó) ñ ïðîòîíåôðèäèàëüíûì êîìïëåêñîì: íåïàðíîå îñíîâàíèå (bs) è äâå ëàòåðàëüíûå âåòâè (br); C âåíòðî-ëàòåðàëüíî 5-äíåâíàÿ ëè÷èíêà ñ äâóìÿ ðàçäåëèâøèìèñÿ ïðîòîíåôðèäèÿìè (pn), êàaeäûé èç êîòîðûõ íåñåò òåðìèíàëüíûå êëåòêè (tc); D ðàííÿÿ àêòèíîòðîõà ñáîêó; E ìîëîäàÿ àêòèíîòðîõà ñáîêó; F âèä ñ ñàäè, 5-äíåâíàÿ ëè÷èíêà; G òåðìèíàëüíûå êëåòêè (ÿäðî (n), ìèòîõîíäðèè (m), âíóòðåííèå ìèêðîâîðñèíêè (im), âíåøíèå ìèêðîâîðñèíêè (om)) ðàñïîëàãàþòñÿ â áëàñòîöåëå (bl) ðÿäîì ñ öåëîìè÷åñêîé âûñòèëêîé (ce) òóëîâèùíîãî öåëîìà (c3); H àïèêàëüíàÿ ÷àñòü òåðìèíàëüíîé êëåòêè ñî aeãóòèêîì (c), èñ÷åð÷åííûì êîðåøêîì (r), àïïàðàòîì Ãîëüäaeè (G) è êðóïíîé ìèòîõîíäðèåé (m); I ïîïåðå÷íûé ñðåç ÷åðåç âîðîòíè÷îê òåðìèíàëüíîé êëåòêè, ïîêàçàíû âíóòðåííèå ìèêðîâîðñèíêè (im), âíåøíèå ìèêðîâîðñèíêè (om), áàçàëüíàÿ ïëàñòèíêà (ba) è áëàñòîöåëü (bl); J ñòåíêà âûäåëèòåëüíîãî êàíàëà â ìåñòå êîíòàêòà ñ öåëîìè÷åñêîé âûñòèëêîé (ce), ïðèëåaeàùåé ê ýïèäåðìèñó (ep) ñòåíêè òåëà. Ïðîñâåò êàíàëà çàïîëíåí aeãóòèêàìè è ìèêðîâîðñèíêàìè (mi). Îòìå÷åíû: ÿäðî (n), ìèòîõîíäðèè (m) è êîìïëåêñ Ãîëüäaeè (G); K ó÷àñòîê ïðîñâåòà âûäåëèòåëüíîãî êàíàëà, ïîêàçàíû aeãóòèêè (c), èñ÷åð÷åííûå êîðåøêè (r), ÿäðà (n), ìèòîõîíäðèè (m), ìèêðîâîðñèíêè (mi). Ìàñøòàá: G, K 1 ìêì; H 0,7 ìêì; I 0,5 ìêì; J 1,3 ìêì. and consists of two branches: a shorter, ascending branch and a longer, descending branch (see Temereva, Malakhov, 2006) . The descending branch extends between two coelothelial layers: mesocoel lining and metacoel lining (Fig. 10G,  J) . Thus, the descending branch is situated inside the diaphragm. The ascending branch is located more ventrally than the descending branch and opens by the nephridiopore on the lateral side under the tentacles. The number of terminal cells then increases to as many as 40. The terminal cells are exposed in spacious blastocoels above the tentacles and form an upper group. In competent larvae, the lower group of terminal cells appears and is located between the body wall and coelothelial lining of the trunk coelom. Here, the large blastocoel forms between the body wall and coelomic lining, which is 100150 µm distant from the body wall. The lower group consists of 20 terminal cells. Thus, in Ph. harmeri larvae, each protonephridium has two terminal parts with 4050 terminal cells in the upper part and 20 terminal cells in the lower part. Interestingly, there are some differences among descriptions of terminal-part organization. Thus, Hay-Schmidt (1987) found 25 terminal cells in the protonephridia of Acti-notrocha branchiata Mueller 1846 (larva of Ph. muelleri); each of these cells directly contacts the channel. In contrast, Bartolomaeus (1989) studied larvae of the same species (Ph. muelleri) and recognized three terminal aggregations, each of which consists of 30 terminal cells and 15 accessory cells; the terminal portion of each protonephridium contains 125 cells: 45 accessory cells and 90 terminal cells. In the creeping lecititrophic larvae of Ph. ovalis, each protonephrida consists of an excretory channel, five terminal cells, and one accessory cell (Grobe, Bartolomaeus, 2007) .
The histology and ultrastructure of protonephridia in different phoronid species have been described by various authors (Selys-Longchamps, 1902; Menon, 1902; Goodrich, 1903; Shearer, 1906; Hay-Schmidt, 1987; Bartolomaeus, 1989 ). All of these descriptions were made on larvae of Phoronis spp. Here, we present new data about the ultrastructure of the protonephridia in advanced larvae belonging to other genera Phoronopsis (Ph. harmeri).
The separate terminal cell is monociliate and cylindrical (Fig. 10G, H) . The apical surface bears one cilium and two kinds of microvilli. The outer microvilli are thick and form a collar along the cell periphery (Fig. 10I) . The inner microvilli are thinner and located in the centre near the cilium. The cytoplasm differs in these two kinds of microvilli: the cytoplasm is electron lighter and contains many vesicles in the outer microvilli but is denser and never contains vesicles in the inner microvilli. The outer microvilli bear desmosomes, contact each other via desmosomes and special electron-dense contacts, and form a tube that surrounds the cilium and inner microvilli (Fig. 10G) . Externally, this tube is covered by a thick layer of the basal lamina, which contains long collagenous fibres and forms a filter for ultrafiltration (Fig.  10I ). The cell body contains the basal apparatus of the cilium, which consists of the basal body, accessory centriole, long vertical rootlet, Golgi apparatus, nucleus, and large mitochondria (Fig.  10H ). We did not find accessory cells in the terminal parts of phoronid protonephridia. According to Bartolomaeus (1989) , the organization of accessory cells is similar to that of terminal cells, but their cilia expose into blastocoels instead of the excretory channel.
The excretory channel is composed of monociliate cells (Fig. 10J, K) . The undulipodium, basal body of cilium, and striated rootlet are situated parallel to the apical surface (Fig. 10K) . The striated rootlet bears numerous microvilli, which fill the lumen of the channel. Between bases of adjacent microvilli, absorption occurs and vesicles arise. The apical cytoplasm contains many vesicles of different sizes. The nucleus occupies the basal part of the cell. Mitochondria and rough endoplasmic reticulum are concentrated in the basal cytoplasm but are also present in the apical cytoplasm (Fig. 10J, K) .
The protonephridia of Ph. harmeri larvae have an organization that is typical for phoronid larvae and for some trochophores and adult annelids. In phoronids, the protonephridium contains many terminal cells, which have only one cilium, whereas in the most species of annelids, each protonephridium bears from one to three terminal cells, which usually have several ciliary elements (Bartolomaeus, Quast, 2005) . The organization of phoronid protonephridia indicates that they are the most primitive type of protonephridia among all Bilateria. The functional organization of the protonephridia was described by Smith and Ruppert (1988) . The organization of the protonephridia in phoronids and their position in blastocoels between thick layers of basal lamina is consistent with a role in ultrafiltration in that the basal lamina together with the outer microvilli form a filter, and the cilium creates pressure inside the collar of the terminal cell. The presence of many vesicles in the cytoplasm of excretory channel cells indicates that this area functions in absorption.
Entoblast
Most parts of the digestive tract arise from the entoblast. The trunk coelom can also be regarded as derived from the entoblast because it arises from the larval gut.
Digestive system
The anatomy and ultrastructure of the larval digestive tract in phoronids were studied in our previous works (Temereva, Malakhov, 2007; Temereva, 2010) . Here, we briefly describe the formation and organization of the digestive tract at early stages of Ph. harmeri development.
The archenteron forms as an invagination of the vegetal pole of the blastula. In the middle gastrula stage, it has a round terminal end and looks like a sack, which occupies most of the blastocoel but which does not contact the ectoderm of the posterior pole (Fig. 11A) . Then, in the late gastrula stage, the archenteron is elongated because the posterior cone-shaped portion appears (Fig. 11B ). This portion of the archenteron will eventually give rise to the midgut. Later, the form of the embryo changes: the mouth deepens, and the precursor of the esophagus forms (Fig. 11C) . At the same time, the posterior end of the archenteron forms a small terminal bulge directed towards the ectoderm (Fig. 7A, ei) . A counter-directed shallow ectodermal depression forms concurrently. The two structures merge to form a complete Fig. 11 . Development and organization of the digestive tract in Phoronopsis harmeri. AD photographs of live animals. Lateral view, the ventral side is on the right, the anterior pole is at the top; EG micrographs of the digestive epithelium in an early larval stage.
A middle gastrula stage with round posterior end (pe) of archenteron (ar), spacious blastocoel (bl), and apical plate (ap); B later gastrula stage with cone-shaped posterior portion (pp) of the archenteron (ar) and the apical plate (ap); C a preactinotrocha with an elongated archenteron (ar) and anterior (ad) and posterior depressions (pd) of the ectoderm; D early larval stage with esophagus (es), stomach (st), and proctodaeum (pr); E fine structure of the upper wall of the esophagus showing the horizontal rootlet (hr), vertical rootlet (vr), apical vacuoles (av), basal granules (bg), and adjacent mesodermal cells (mc); F a cell of the ventral wall of the stomach with central nucleus (n), apical vacuoles (av), and basal granules (bg); G the dorsal wall of the stomach (st) borders the dorsal epidermis (de). Scale bars: E, G 2 µm; F 1 µm.
Ðèñ. 11. Ðàçâèòèå è îðãàíèçàöèÿ ïèùåâàðèòåëüíîãî òðàêòà Phoronopsis harmeri. AD ôîòîãðàôèè aeèâûõ aeèâîòíûõ. Âèä ñáîêó, âåíòðàëüíàÿ ñòîðîíà ñïðàâà, ïåðåäíèé êîíåö òåëà ñâåðõó; EG òîíêîå ñòðîåíèå îòäåëîâ ïèùåâàðèòåëüíîãî òðàêòà ðàííåé ëè÷èíêè.
A ñðåäíÿÿ ãàñòðóëà ñ îêðóãëûì çàäíèì êîíöîì (pe) àðõåíòåðîíà (ar), îáøèðíûì áëàñòîöåëåì (bl) è àïèêàëüíîé ïëàñòèíîêé (ap); B ïîçäíÿÿ ãàñòðóëà ñ êîíè÷åñêèì çàäíèì êîíöîì (pp) àðõåíòåðîíà (ar) è àïèêàëüíîé ïëàñòèíêîé (ap); C ïðåàêòèíîòðîõà ñ âûòÿíóòûì àðõåíòåðîíîì (ar), à òàê aeå ïåðåäíèì (ad) è çàäíèì (pd) óãëóáëåíèÿìè ýêòîäåðìû; D ðàííÿÿ ëè÷èíêà ñ ïèùåâîäîì (es), aeåëóäêîì (st) è çàäíåé êèøêîé (pr); E òîíêîå ñòðîåíèå ýïèòåëèÿ âåðõíåé ñòåíêè ïèùåâîäà, ïîêàçàíû ãîðèçîíòàëüíûé (hr) è âåðòèêàëüíûé (vr) èñ÷åð÷åííûå êîðåøêè, âàêóîëè â àïèêàëüíîé öèòîïëàçìå (av), ãðàíóëû â áàçàëüíîé öèòîïëàçìå (bg) è ïðèëåaeàùèå ìåçîäåðìàëüíûå êëåòêè (mc); F êëåòêà âåíòðàëüíîé ñòåíêè aeåëóäêà ñ öåíòðàëüíûì ÿäðîì (n), âàêóîëÿìè â àïèêàëüíîé öèòîïëàçìå (av) è ãðàíóëàìè â áàçàëüíîé öèòîïëàçìå (bg); G äîðñàëüíàÿ ñòåíêà aeåëóäêà, ãðàíè÷àùàÿ ñ ýïèäåðìèñîì (de) äîðñàëüíîé ñòîðîíû òåëà. Ìàñøòàá: E, G 2 ìêì; F 1 ìêì. intestine (Fig. 11D) . Thus, the proctodaeum of Ph. harmeri larva originates from the posterior ectoderm. This fact was metioned before in Ph. ijimai (Freeman, Martindale, 2002) .
In the preactinotrocha, the epithelium of the digestive tract is thick and has the same ultrastructure throughout (Fig. 7A ) but there are differences in the size and shape of cells and Desmosomes are indicated by concave arrowheads, addition junctions are indicated by straight arrowheads, double arrows indicate hemidesmosomes; FH 3D-reconstructions of an embryo at different stages of development, made with Amira ver. 5.2.2. Lateral view, the anterior pole is at the top of the photographs, the ventral side is on the right. The muscular system is indicated by magenta, other actin-containing elements are indicated by grey.
A lateral view of later gastrula stage with mesodermal cells (ic), spacious blastocoel (bl), archenteron (ar), and two ventro-lateral tiers (lt) of mesodermal cells; B a portion of the mesodermal lining of the preoral coelom (c1) adjacent to the epidermis of the apical plate (eap). Mesodermal cells contain nuclei (n) and large electron-dense granules (dg); C mesodermal cells near the epidermis of the preoral ciliated band; D cells of the lower wall of the preoral coelom (c1); E posterior portion of the preoral coelom (c1) near the epithelium of the esophagus (eso): the lining is formed by monociliate cells with cilium (c), Golgi apparatus (G), and nucleus (n); F later gastrula stage with a small archenteron (ar), a continuous layer of muscle cells on the lower wall of the preoral lobe precursor, and lateral tiers (lt) of muscle cells; G Preactinotrocha; H early larval stage with a large apical plate (ap), stomach (st), well-developed muscles of the preoral lobe (mpl), circular muscles of the esophagus (mes), circular muscles of the hyposphere (ch), and two longitudinal ventro-lateral muscles of the hyposphere (vlh); I larva with twelve pairs of tentacles. Lateral view showing mass of erythrocytes (bm), preoral coelom (c1), esophagus (es), stomach (st), and tentacles (t); J the mass of erythrocytes in the blastocoel (bl) near the basal lamina (ba) of the epidermis. Nuclei (n) and nucleolei (nu) are indicated; K a portion of the erythrocyte cytoplasm with striated rootlet (r), basal body (bb), and Golgi apparatus (G). Scale bars: B, E, 1 µm; C, D, K 0.5 µm; J 2 µm.
Ðèñ. 12. Äåòêàëè îãðàíèçàöèè ìåçîäåðìàëüíûõ êëåòîê íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ Phoronopsis harmeri. A, I ôîòîãðàôèè aeèâûõ aeèâîòíûõ; BE, JK ìèêðîôîòîãðàôèè ïîòîìêîâ ìåçîäåðìàëüíûõ êëåòîê. Äåñìîñîìû óêàçàíû âîãíóòûìè íàêîíå÷íèêàìè, äîïîëíèòåëüíûå êîíòàêòû ïðÿìûìè íàêîíå÷íèêàìè, ãåìèäåñìîñîìû äâîéíûìè ñòðåëêàìè; FH 3D-ðåêîíñòðóêöèè ýìáðèîíîâ íà ðàçíûõ ñòàäèÿõ ðàçâèòèÿ. Âûïîëíåíî â ïðîãðàììå Amira âåð. 5.2.2. Âèä ñáîêó, ïåðåäíèé êîíåö ñâåðõó, âåíòðàëüíàÿ ñòîðîíà ñïðàâà. Ìóñêóëàòóðà îáîçíà÷åíà ïóðïóðíûì öâåòîì, äðóãèå àêòèíñîäåðaeàùèå ñòðóêòóðû ñåðûì öâåòîì.
A ïîçäíÿÿ ãàñòðóëà, âèä ñáîêó. Ïîêàçàíû ìåçîäåðìàëüíûå êëåòêè (ic), îáøèðíûé áëàñòîöåëü (bl), àðõåíòåðîí (ar) è äâà âåíòðî-ëàòåðàëüíûõ ðÿäà (lt) ìåçîäåðìàëüíûõ êëåòîê; B ó÷àñòîê ìåçîäåðìàëüíîé âûñòèëêè ïðåäðîòîâîãî öåëîìà (c1), ïðèëåaeàùèé ê ýïèäåðìèñó àïèêàëüíîé ïëàñòèíêè (eap). Ìåçîäåðìàëüíûå êëåòêè íåñóò ÿäðî (n) è êðóïíûå ýëåêòðîííî-ïëîòíûå ãðàíóëû (dg); C ìåçîäåðìàëüíûå êëåòêè íà ïîâåðõíîñòè ýïèäåðìèñà ïðåäðîòîâîãî ðåñíè÷íîãî; D êëåòêè íèaeíåé ñòåíêè ïðåäðîòîâîãî öåëîìà (c1); E çàäíèé ó÷àñòîê ïðåäðîòîâîãî öåëîìà (c1) ðÿäîì ñ ýïèòåëèåì ïèùåâîäà (eso): âûñòèëêà îáðàçîâàíà ìîíîöèëèàðíûìè êëåòêàìè ñî aeãóòèêîì (c), êîìïëåêñîì Ãîëüäaeè (G) è ÿäðîì (n); F ïîçäíÿÿ ãàñòðóëà ñ ìàëåíüêèì àðõåíòåðîíîì (ar), ñïëîøíûì ñëîåì ìûøå÷íûõ êëåòîê íà íèaeíåé ïîâåðõíîñòè çà÷àòêà ïðåîðàëüíîé ëîïàñòè è ëàòåðàëüíûìè ðÿäàìè (lt) ìûøå÷íûõ êëåòîê; G ïðåàêòèíîòðîõà; H ðàííÿÿ ëè÷èíêà ñ àïèêàëüíîé ïëàñòèíêîé (ap), aeåëóäêîì (st), õîðîøî ðàçâèòîé ìóñêóëàòóðîé ïðåîðàëüíîé ëîïàñòè (mpl), êîëüöåâîé ìóñêóëàòóðîé ïèùåâîäà (mes), êîëüöåâîé ìóñêóëàòóðîé ãèïîñôåðû (ch) è äâóìÿ âåíòðî-ëàòåðàëüíûìè ìûøöàìè ãèïîñôåðû (vlh); I ëè÷èíêà ñ 12 ïàðàìè ùóïàëåö. Âèä ñáîêó, ïîêàçûâàþùèé ñêîïëåíèå ýðèòðîöèòîâ (bm), ïðåîðàëüíûé öåëîì (c1), ïèùåâîä (es), aeåëóäîê (st) è ùóïàëüöà (t); J ñêîïëåíèå ýðèòðîöèòîâ â áëàñòîöåëå (bl) âáëèçè áàçàëüíîé ïëàñòèíêè (ba) ýïèäåðìèñà. Îòìå÷åíû ÿäðà (n) è ÿäðûøêè (nu); K ó÷àñòîê öèòîïëàçìû ýðèòðîöèòà ñ èñ÷åð÷åííûì êîðåøêîì (r), áàçàëüíûì òåëüöåì (bb) è êîìïëåêñîì Ãîëüaeäè (G). Ìàñøòàá: B, E, 1 ìêì; C, D, K 0,5 ìêì; J 2 ìêì. their nuclei (Fig. 11EG) . Thus, the epithelium of the esophagus near the mouth is composed of columnar cells with irregular nuclei, which occupy the middle or basal part of the cell (Fig.  11E ). Cuboudal cells with thin, rare microvilli and large round nuclei with nucleoli form the ventral wall of the stomach (Fig. 10F) . The epithelium of the dorsal wall of the stomach is thicker than the epithelium in other areas; it is formed by cylindrical cells with round nuclei located in their middles (Fig. 11G ). All epithelial cells are monociliate and contain large apical vesicles with transparent content and basal electron-dense granules (Fig. 11EG) . The apical cell surface forms short, sparse microvilli. The basal apparatus of the cilium consists of a basal body, accessory centriole, and two striated rootlets (short-horizontal and long-vertical).
In early larval stages, which start to feed, the digestive tract consists of five parts: the vestibu-lum with the mouth, the esophagus with the cardiac sphincter, the stomach, the midgut, and the proctodaeum. The young actinotrocha has a differentiated digestive tract, but the ultrastructure is the same in different parts of digestive tract. In comparison with later gastrula stages, all cells of the digestive epithelium in young larval stages lack apical vesicles and basal electron-dense granules. In more advanced larval stages, the ultrastructure differs in different parts of the digestive tract. The epithelium of the esophagus becomes columnar and very thick, the epithelium of the stomach accumulates nutrients (lipid droplets and yolk granules) and the stomach diverticulum arises, the epithelium of the midgut becomes biciliate; and the proctodaeum subdivides into two parts. The anatomy and ultrastructure of digestive tract in competent actinotrochs were described in previous work (Temereva, 2010) .
Mesoblast
The muscular system, coelomic system, and blood corpuscles arise from the mesoblast. The mesoblast (mesoderm) arises from two multicellular sources (see above) ( Fig. 4B, 6A ). Phoronid myogenesis had not been studied before. We have investigated consecutive stages of Ph. harmeri and obtained data about myogenesis using confocal microscopy (CLSM) and transmission electron microscopy (TEM).
Coelothelial and muscle cells arise from one source, i.e., the mesoderm. In the middle gastrula stage, which has small archenteron and spacious blastocoel, the two kinds of cells have a similar ultrastructure for the first several days after they migrate from the anterior wall of the archenteron. After they migrate, the cells have a strong actin-myosin net under their surface and are stained by phalloidin. Immediately after migration, the cells rest on the basal lamina of the ectoderm and archenteron. They move from the anterior pole to the posterior portion of the embryo, skirt the oral opening, and form two ventro-lateral tiers along oral field (Fig. 12A) . With time, most cells that migrated into the blastocoel transform into muscle cells. During the first 2 days after migration, there are no differences between the cells of the coelomic lining and muscle cells. These cells are flat and form long processes, which spread on the basal lamina (Fig. 12B ). Round nuclei with nucleoli occupy the center of the cell. Myofilaments cannot be detected by TEM. In some muscle cells, a few electron-dense fibers occur in the basal cytoplasm. Some areas of the basal surface are more electron dense than adjacent areas: hemidesmosomes appear in these electrondense areas (Fig. 12C ). Cells contact each other by lateral borders and connect via desmosomes, which are located near the apical surface (Fig.  12BE ). Additional cellular contacts sometimes occur between cells via additional desmosomes on the middle of the lateral borders ( Fig. 12D ) or via septate contacts (Fig. 12C ). Mesodermal cells are underlained by basal lamina. Thus, the epithelium, which is formed by mesodermal cells, corresponds to true epithelium coelothelium. The mesodermal cells that migrated from the archenteron form a large closed cavity in the precursor of the preoral lobe (Fig. 12E ). This cavity can be regarded as a coelom because it is closed and lined with true epithelium. Like all other cells in early embryonic stages, the cells that migrated contain large electron-dense yolk granules and few apical vesicles with transparent content.
Muscular system
The phoronid muscular system begins to form when the embryo is 48-hours-old. The muscle cells differentiate from mesodermal cells, which have migrated into the blastocoel from the anterior wall of the archenteron. First, thin muscular fibers spread on the basal lamina of the preoral lobe precursor (Fig. 12F ). These muscle fibers form a continuous layer on the lower wall and form a few bundles on the upper wall. Singular muscle fibers are evident in the hyposphere on the basal lamina of the oral field epidermis (Fig. 12F) . Over several hours, the main muscles of the preoral lobe arise: thick marginal muscle originates on the edge of the preoral lobe, and radial muscles extend from the upper wall of the preoral lobe to the edge (Fig.  12G) . The continuous layer of muscle cells gives rise to the thick muscles of the esophagus (Fig. 12G, H) . In the hyposphere, muscles first arise on the ventral side and form a circular musculature. With time, muscle cells lose connection and desmosomes disappear. Simultaneously, myofilaments arrange regularly, and striated muscle forms. The muscular system in young larvae consists of the marginal, radial, and circular muscles of the preoral lobe; the circular muscles of the esophagus, circular muscles of the hyposphere; and two ventro-lateral muscles, which correspond to two tiers of mesodermal cells (Fig. 12H ).
Coelomic system
In young larvae, the coelomic system consists of one coelomic compartment the preoral coelom. The preoral coelom is located in the preoral lobe under the apical plate and looks like a cylinder (Fig. 12I) . In contrast to muscle cells, cells of the coelomic lining do not lose desmosomes, and they form true epithelium. The cytoplasm of coelomic cells lacks myofilaments and contains numerous tubes and vesicles of rough endoplasmic reticulum. A nucleus with nucleolus occupies the centre of the cell. The mature larva has three coelomic compartments, the organization of which is described in detail in our previous work (Temereva, Malakhov, 2006c) .
Blood system
The blood system is a blastocoel, which is derived from the blastula and occurs as a net of slits between epitheliums. Primarily, the wall of the blood vessel is the basal lamina of the blastocoel and contains amorphous material and collagenous fibres. Blood corpuscles arise from and differentiate from nonspecialized mesodermal cells, which arise from the anterior mesodermal precursor. In phoronids, there are two sorts of blood corpuscles: erythrocytes and amoebocytes. In Ph. harmeri, erythrocytes can first be found in larvae with five pairs of tenta-cles. Erythrocytes form two groups in the blastocoel of the collar region (between the tentacles and the preoral lobe) (Fig. 12I ). Erythrocytes are usually round. They closely contact each other and the basal lamina of the blastocoel (Fig.  12J) . The nucleus in erythrocytes is large and bears a nucleolus (Fig. 12J) . A rudimentary cilium (basal-body and striated-rootlet cilia associated with the Golgi apparatus) occurs in the cytoplasm of the erythrocyte (Fig. 12K) . The cilium is inherited from ciliate cells of the anterior wall of the archenterion, which give rise to the anterior mesoderm. The organization of the blood system in phoronid larvae was described in our previous work .
Conclusion
Phoronids combine features of the Protostomia and Deuterostomia and demonstrate some plesiomorphic features of development and organization. First, egg cleavage of phoronids can be regarded as transitory between typical radial and typical spiral cleavage. The presence of oblique furrows in early phoronid development should not be interpreted to mean that phoronid cleavage is typical radial. At the same time, phoronids lack a specific mosaic of blastomeres, the presence of which is a characteristic of true spiral development. Phoronids also lack trochoblasts, rosettes, and cross cells. Two sources of the coelomic mesoderm, which are well pronounced in phoronids, were found in all of the main groups of Bilateria. This dual mesoderm formation seems to be a plesiomorphic feature inherited from a common bilaterian ancestors. Second, the activity of ciliated bands in phoronid larvae combines features of the Protostomia and Deuterostomia. In actinotrocha, the preoral ciliated band works as it does in protostomian larvae (the preoral ciliated band beats from anterior to posterior), whereas the postoral ciliated band works as it does in deuterostomian larvae (the postoral ciliated band beats from anterior to posterior). Third, development of the nervous system in phoronids begins in the apical pole, and at least 25 monopolar serotonergic perikarya differentiate in the epidermis of the apical plate. The large number of neurons and their position in the apical organ are more typical for deuterostomian larvae (e.g., for tornaria larva) than for trochozoan larvae. At the same time, the flask-shaped serotonegric perikarya are more typical for protostomian larvae. We can conclude that phoronid neurogenesis is also transitory in that it combines protostomian and deuterostomian characteristics. The same mixture of protostome and deuterostome developmental traits is known in mitraria larva of Owenia collaris Chiaje 1841 (Smart, Dassow, 2009) .
Overall, that developmental data corroborate the protostomian affinity of phoronids. At the same time, phoronids retain some plesiomorphic features of organization and development that indicate their basal position within the lophotrochozoan clade.
